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Comparison  of  some  seething  of  volcanic  rocks  in  Utah  with  generalized  sections  proposed  bv  Dutton 
and  Spun* . 


PREFACE. 


By  F.  L.  Ransome. 


Twelve  years  ago,  when  Mr.  Wnldcmnr 
Lindgrcn  was  in  charge  of  the  Survey’s  work 
on  the  geology  of  metalliferous  deposits,  ho 
planucd  the  preparation  of  a  series  of  volumes 
to  bo  published  us  professional  papers,  in  each 
of  which  should  he  described  the  geology  and 
ore  deposits  of  a  single  State.  Ilis  idea  was 
to  summarize  and  bring  up  to  date  such  de¬ 
tailed  monographic  work  as  had  already  been 
done  on  individual  districts,  to  make  recon¬ 
naissance  examinations  of  districts  that  had 
not  been  geologically  studied,  and  to  extend, 
by  reconnaissance  where  necessary,  our  knowl¬ 
edge  of  the  general  geology  of  the  State  suffi¬ 
ciently  to  provide  an  adequate  setting  for  the 
descriptions  of  the  mining  districts.  It  was 
realized  that  at  least  three  general  purposes 
might  be  fulfilled  by  these  volumes.  Each 
would  constitute  a  convenient  reference  book 
of  the  geology  and  ore  deposits  of  the  State 
described,  wherein  one  might  ascertain  what 
is  known  of  each  district  and  find  references, 
where  appropriate,  to  other  publications;  each 
would  contain  accounts  of  districts  not  else¬ 
where  geologically  described;  finally,  the  broad 
survey  of  all  the  ore  deposits  of  the  State  with 
reference  to  their  geologic  history  and  sur¬ 
roundings  would,  it  might  reasonably  be  ex'- 
pected,  result  in  the  discovery  of  important 
truths  not  evident  to  the  geologist  whose 
attention  is  focused  for  the  time  being  on  a 
single  district.  Inasmuch  ns  New  Mexico  ap¬ 
peared  to  offer  the  fewest  complications  and 
difficulties,  the  ore  deposits  of  that  State  were 
selected  as  the  subject  of  the  first  volume, 
which  appeared  in  lfllO.1 

This  report  not  only  proved  widely  useful 
but  fulfuied  the  expectation  above  referred  to 
in  that  the  work  upon  which  it  was  based  re¬ 
sulted  in  the  recognition  of  a  number  of  dis¬ 
tinct  epochs  of  metallization,  and  in  the  de- 

*  Ltadgren,  Wuldomar,  Cmton,  I,.  C.,  and  Gordon,  C,  IT.,  The  or<* 
depoaiis  of  New  Mexico:  L*»  S.  Gcol.  Survey  Prof.  Paper  6$,  1010. 


termination  of  the  relation  of  these  epochs  to 
one  another  and  of  the  mineral  character  and 
structural  features  pertaining  to  each. 

The  plan  so  successfully  begun  has  been 
continued.  No  member  of  the  Survey  has 
been  able  to  devote  all  of  his  time  to  one  of 
these  State  reports,  but  where  the  work  of  a 
geologist  lias  lain  moro  or  less  continuously  in 
a  single  State,  ho  has  gradually,  in  connection 
with  his  other  duties,  accumulated  material 
for  such  a  publication. 

The  present  report  on  Utah  by  Mr.  Butler  and 
others  is  tho  second  of  the  series  to  appear. 
Another  on  Idaho  is  well  advanced,  and  one  on 
Arizona  will  probably  follow,  although  its  actual 
compilation  can  scarcely  he  said  to  have  begun. 

In  the  development  and  output  of  its  mines 
and  in  tho  mincralogic  variety  of  its  ores, 
Utah  far  surpasses  New  Mexico.  The  State  also 
contains  a  large  number  of  less-developed  dis¬ 
tricts  concerning  which  little  geologic  informa¬ 
tion  has  hitherto  been  available.  Both  of 
these  facts,  in  spite  of  persistent  efforts  at 
condensation  on  the  part  of  the  au thorn,  have 
favored  the  growth  of  the  present  volume  to  a 
size  which  may,  by  some,  be  considered  un¬ 
wieldy.  It  is  felt,  however,  that  one  function 
of  the  report,  that,  of  a  reference  work  to  which 
a  reader  might  turn  for  information  about  a 
particular  district,  would  be  impaired  if  the 
more  famous  and  productive  districts  were  less 
fully  described  or  if  the  accounts  of  tho  little- 
known  districts  were  lacking  in  those  details 
which,  perhaps,  Mr.  Butler  and  his  associates 
are  best  able  to  supply. 

Am  interesting  result  which  bus  come  from 
*tho  general  sur  vey  of  all  the  known  ore  de¬ 
posits  of  the  State  is  the  generalization  by 
Mr.  Butler  that  tho  occurrence  of  ore  bodies 
around  an  intrusive  stock,  within  depths  ac¬ 
cessible  to  mining,  depends  upon  the  vertical 
distance  between  tho  present  erosion  surface 
and  the  original  top  or  apex  of  the  igneous  mass. 
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Tho  main  physiographic  divisions  of  Utah 
are  (1)  the  Great  Bnsin,  occupying  most  of 
tho  western  part  of  tho  State;  (2)  tho  Wa¬ 
satch  Mountains,  flanking  the  Great  Basin 
on  the  east  for  200  miles  southward  from  tho 
Idaho  boundary;  (3)  the  Uinta  Mountains, 
extending  eastward  from  the  Wasatch  into 
Colorado;  (4)  the  southwest  margin  of  the. 
Wyoming  Basin,  lying  north,  of  tho  Uinta  and 
east  of  the.  Wasatch;  and  (5)  tho  Plateau  prov¬ 
ince.,  lying  south  and  southwest  of  tho  Uinta. 

Throughout  the  Mesozoic  era  a  large  part  of 
the  Basin  Range  province  in  Utah  was  above 
sea  level  and  was  undergoing  erosion,  the 
dfibris  from  which  was  largely  deposited  in  the 
areu  now  occupied  by  the  Plateau  and  Uinta 
provinces.  In  post-Cretaceous  time  there  was  a 
general  elevation  of  the  entire  region.  The 
elevation  was  greatest  along  certain  east-west 
belts  forming  the  Uinta  and  Raft  River  ranges. 
Other  uplifts  that  are  less  prominent  physio- 
graphically  though  equally  important  struc¬ 
turally  are  the  Tintic-Deep  Creek  and  Beaver 
County  uplifts.  Contemporaneous  with  or  soon 
after  tho  general  uplift  there  was  a  great  out¬ 
pouring  of  lavas  over  much  of  the  Great  Basin 
and  part  of  the  Plateau  province.  This  volcanic 
action  was  followed  by  subsidence  by  which 
tho  Basin  region  was  depressed  below  the 
Plateau  region  and  was  broken  into  blocks  of 
general  north-south  treud,  which  were  tilted  at 
different  angles  and  which  formed  the  Basin 
ranges.  The  main  effect  of  the  movement  in 
tho  Plateau  region,  where  it  was  less  pro¬ 
nounced,  was  to  throw  the  more 'pliable  Meso¬ 
zoic  sediments  into  folds  with  accompanying 
faults. 

The  sedimentary  rocks  of  Utah  range  in  age 
from  pre-Cambrian  to  Recent.  Pre-Cambrian 
rocks,  mainly  schist,  shale,  and  quartzite,  are 
exposed  along  the  great  east-west  uplifts — 
tho  Uinta  Mountains,  Raft  River  Mountains, 
tho  Tintic-Deep  Creek  uplift — and  adjacent 
to  tho  great  fault  scarp  which  forms  the  west 
face  of  the  Wasatch. 

35416° — 19 - 3 


Resting  unconformably  on  the  pre-Cambrian 
rocks  is  a  great  series  of  Paleozoic  quartzites, 
shales,  and  limestones  ranging  in  ago  from 
Lower  Cambrian  to  Permian.  These  beds 
show  no  marked  angular  unconformity,  but 
they  contain  abundant  evidence  of  periods  of 
nondeposition  and  of  erosion.  These  Paleo¬ 
zoic  rocks  form  most  of  the  Bnsin  ranges,  but 
they  pass  eastward  beneath  Mesozoic  forma¬ 
tions.  Near  the  Colorado  boundary,  north  of 
the  Denver  &  Rio  Grande  Railroad,  whore  the 
pre-Cambrian  rocks  are  exposed,  the  Paleo¬ 
zoic  formations  are  absent,  having  apparently 
wedged  out  toward  the  east. 

Upon  tiie  Paleozoic,  formations  lies  a  tliick 
series  of  Mesozoic  rocks,  consisting  principally 
of  shales  and  sandstones  but  including  some 
beds  of  limestone.  These  strata  ore  exposed 
principally  in  the  eastern  part,  of  the  State,  but 
they  are  found  also  at  a  few  places  in  the  Great 
Basin.  They  rest  with  little  or  no  angular 
unconformity  on  the  Paleozoic  rocks;  and 
within  the  Mesozoic  strata  there  are  no  pro¬ 
nounced  angular  unconformities,  though  in 
the  Mesozoic  era,  as  in  the  Paleozoic,  there 
were  periods  of  nondeposition  and  of  erosion. 

Overlying  the  Mesozoic  rocks  in  large  areas 
south  of  the  Uinta  Mountains  and  in  the 
Plateau  region  are  Tertiary  formations,  which 
consist  largely  of  sandstone  and  shale  but 
include  some  limestone.  At  a  few  places  in 
the  Great  Basin  Tertiary  sediments  lying  un¬ 
conformably  on  the  older  rocks  are  exposed. 
Quaternary  sediments  occupy  largo  areas  in 
the  Great  Basin  between  tho  ranges. 

Igneous  rocks  are  of  interest  and  importance 
in  Utah,  the  extrusive  rocks  beenuse  of  their 

i  ”  *  t  t 

great  extent  and  the  intrusive  rocks,  which  are 
not  relatively  very  abundant,  bccauso  of  their 
intimate  relation  to  tho  ore  deposits. 

Extrusive  rocks  are  most  important  in 
southern  Utah,  where  they  form  a  broad  belt 
extending  from  the  Nevada  line  eastward  to 
the  High  Plateau  and  occupy  large  areas  far¬ 
ther  north  in  the  Great  Basin.  A  large  part 
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of  the  lava,  is  of  intermediate  composition, 
near  lalite,  though  rhyolites  occur,  and  the 
latest  flows  nre  of  bnsult. 

The  intrusive  rocks  nre  largely  confined  to 
rather  definite  belts,  the  more  important 
being  the  Pork  City,  Little  Cottonwood,  and 
Bingham  holt,  the  Tintie-Dcop  Crock  holt,  the 
Tushar,  Mineral,  Star,  Beaver  Lake,  and  San 
Francisco  ranges  belt,  und  the  Iron  Springs 
belt.  In  addition  to  these  there  arc  intrusions 
in  the  Grouse  Creek,  Raft  River,  and  Pilot 
ranges  and  three  centers  of  intrusion,  the 
Henry,  Aha  jo,  and  La  Sal  mountains,  in  the 
eastern  part  of  the  State. 

fn  the  western  part  of  the  State  the  large 
intrusive  bodies  are  characteristically  stocks; 
in  the  Plateau  region  they  are  laccoliths. 

The  composition  of  the  intrusive  rocks,  like 
that  of  the  extrusives,  is  prevailingly  inter¬ 
mediate,  near  quartz  raouzonile  and  quartz 
diorite.  In  the  stocks  in  the  western  part  of 
the  State  the  deeper  exposed  portions  aro  the 
more  siliceous,  probably  because  of  differentia¬ 
tion  produced  by  the  sinking  of  the  ferro- 
magnesinn  minerals,  which  were  the  earliest  to 
form.  In  the  laccoliths  of  the  Plateau  region 
there  has  been  little  such  differentiation. 

The  ago  of  many  of  the  igneous  bodies  is 
not  known  from  direct  evidence.  Those  that 
have  beon  determined  are  of  post-Cretaceous 
age,  probably  most  if  not  all  of  them  are  of 
Tertiary  age. 

The  oldest  large  structural  feature  in  the 
Paleozoic  and  later  rooks  is  a  general  north- 
south  folding,  which  is  accompanied  by  over- 
thrust  fuulting. 

After  the  folding  there  were  east-west  up¬ 
lifts,  some  of  which  were  accompanied  by 
intrusions.  The  Uinta  and  Raft  River  runges 
represent  such  uplifts,  and  such  structural 
features  are  associated  with  the  intrusive  belts 
farther  south.  The  domes  or  swells  and  the 
broad  uplifts  that  characterize  the  Plateau 
region  may  have  been  formed  at  the  same  time. 

The  youngest  important  structural  features 
ure  the  north-south  faults  that  outline  the 
Basin  ranges  and  that  also  occui  in  the  Plateau 
urea. 

The  presence  of  metallic  deposits  hi  the 
mountains  of  Utah  was  known  in  the  fifties, 
and  a  little  lead  ore  was  reduced  to  metal  in 
a  crude  way  by  the  Mormon  settlors.  Active 
prospecting  begun  with  the  arrival  of  Gen. 


Connor’s  Colifoniia  volunteers,  in  IS62,  and 
the  first  claim  was  located  in  Bingham  Canyon 
in  1863.  The  production  of  placer  gold  began 
in  1S65.  Since  1870  there  has  heen  a  steady 
and  increasing  output  from  lode  mines,  which 
to  the  close  of  1017  had  yielded  a  total  of 
SSI  6,827, 182  and  had  paid  dividends  of 
8152, 774, SOI . 

The  ore  deposits  of  the  State  may  he  sepa¬ 
rated  into  two  general  classes — those  that  were 
deposited  at  the  same  time  us  their  inclosing 
rock  and  those  that  wore  introduced  after  the 
formation  of  the  rocks  in  which  they  are 
found.  Those  deposited  with  the  inclosing 
rocks  comprise  no  deposits  of  uny  importance 
except  gold  placers,  and  from  these  the  yield 
has  l»een  relatively  small.  Those,  introduced 
later  than  the  inclosing  rocks  may  in  turn  be 
subdivided  into  two  principal  groups— those 
that  show  no  close  relution  with  igneous  rocks 
and  those  that  aro  believed  to  be  genetically 
associated  with  igneous  intrusion.  Of  those  not 
associated  with  igneous  rocks  themost  abundant 
representatives  are  the  “red  bed”  or  sand¬ 
stone  deposits  of  silver,  copper,  and  uranium- 
vanadium,  all  of  which  are  most  commonly 
found  in  association  with  fossilized  vegetable 
matter.  The  relations  of  certain  of  these 
deposits  has  led  to  the  belief  that  they  were 
formed  later  than  most  of  the  folds  and  fuults 
and  that  these  features  were  important  factors 
in  controlling  the  movement  of  the  solutions 
that  deposited  the  ores. 

By  far  the  greater  numbor  of  deposits  are 
so  closely  associated  with  igneous  rocks  that 
there  can  be  little  doubt  that  their  origin  is 
directly  dependent  on  the  igneous  activity. 
They  are  most  Humorous  and  most  extensive 
in  the  zones  of  greatest  igneous  activity  in  the 
western  part  of  the  Stute.  They  occur  in  the 
intrusive  bodies,  in  the  extrusive  rocks,  and  in 
the  sedimentary  rocks  adjacent  to  the  intrusive 
bodies. 

Deposits  in  the  intrusive  bodies  are  peg- 
m&titic  gold  quartz  veins,  quartz-tonrmaline- 
scheelite  veins,  copper  quartz-tourmaline  veins, 
quartz-pyrite-molybdenitc  veins,  quartz  copper 
veins,  silver-lead  quartz  veins,  gold  quartz 
veins,  silvcr-lead-copper  qunrtz-barite  veins, 
and  magnetite-hematite  veins.  The  close 
similarity  of  some  of  these  veins  to  pegmatites 
and  the  gradation  from  ono  type  to  anot  her  has 
led  to  the  belief  that  all  the  deposits  in  the 
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intrusive  rocks  were  derived  from  material  that 
separated  from  tho  crystallizing  magma. 

Deposits  in  the  sedimentary  rocks  are  sub- 
divided  into  contact  deposits  and  replacement 
deposits  associated  with  fissures.  The  contact 
deposits  include  iron  deposits,  copper  deposits, 
and  gold  deposits.  Comparison  of  tho  changes 
that  took  place  in  the  sediments  while  the 
contact  deposits  were  being  formed  with  the 
changes  that  took  place  in  the  intrusive  rocks 
adjacent  to  the  deposits  leads  to  the  con¬ 
clusion  that  the  solutions  effecting  the  two 
sets  of  changes  were  so  similar  that  it  is  rea¬ 
sonable  to  conclude  that  they  had  a  common 
origin.  The  replacement  deposits  in  sedi¬ 
mentary  rocks  associated  with  fissures  include 
copper  deposits,  lead-silver  deposits,  zinc-lead- 
silver  deposits,  silver  deposits,  gold  deposits, 
and  quicksilver  deposits.  The  transition  and 
gradation  from  contact  deposits  to  certain  of 
the  replacement  deposits  associated  with 
fissures  and  among  the  different  types  of  the 
replacement  fissure  deposits’  leave  no  douht 
that  all  have  a  common  origin. 

Deposits  in  extrusive  rocks  are  subdivided 
into  silver-lead-zinc-copper  deposits,  gold-silver 
deposits,  and  alunite  deposits.  Tho  relation 
of  these  deposits  to  those  in  tho  intrusive 
rocks  and  ill  the  sediments  indicate  that  all 
have  a  common  origin. 

Tho  larger  intrusive  bodies  of  Utah  are  of 
two  types,  laccoliths  nud  stocks.  The  lacco¬ 
liths  occur  in  the  sandy  and  shaly  sedimentary 
rocks  in  the  southeastern  part  of  the  State 
and  the  stocks  in  the  quartzites  and  limestones 
in  the  western  part  of  the  Slate.  The  stocks 
may  be  subdivided  into  those  truncated  by 
erosion  near  the  apex  and  those  truncated  at 
a  greater  depth.  Those  truncated  near  tho 
apex  (apically  truncated  stocks)  aro  monzo- 
nitin  to  dioritic  in  composition  and  those  more 
deeply  truncated  are  uniformly  more  sili¬ 
ceous,  having  the  composition  of  granodiorite 
to  granite. 

Ore  deposits  associated  with  the  laccoliths 
and  the  more  deeply  truncated  stocks  have 
proved  to  be  of  comparatively  slight  commer¬ 
cial  importance,  and  those  associated  with  the 
apically  truncated  stocks  have  proved  to  be  of 
great  value.  It  is  believed  that  after  intrusion 
the  laccoliths  were  scaled  off  from  their  deep- 
seated  source  and  that  the  amount  of  material 
ahead}'  in  them  was  too  small  and  the  differ¬ 


entiation  on  solidifying  too  incomplete  to  fur¬ 
nish  large  deposits.  It  is  also  believed  that 
in  the  stocks  the  differentiation  was  great cr  at 
depth,  and  that  the  mobile  constituents  of  the 
magma  (water  and  gases  carrying  minerals  in 
solution)  rose  toward  the  surface-,  whereas 
t  he  heavier  minerals  that  crystallized  early  sank 
to  greater  depths.  Wlicu  the  mobile  con¬ 
stituents  reached  a  point,  where  tho  magma 
was  sufficiently  solidified  to  fracture  they  were 
guided  by  the  fractures  or  fissures  and  on  reach¬ 
ing  favorable  physical  and  chemical  environ¬ 
ment  began  to  deposit,  i heir  metals.  The 
more  deeply  truncated  stocks  are  regarded  as 
remnants  from  which  the  portion  in  which  the 
metals  wore  concentrated  has  been  eroded. 

It  is  regarded  as  possible  that  the  connec¬ 
tion  of  a  magmatic  body  with  the  surface  or 
zono  of  fracturo  at  the  time  of  intrusion  may 
have  been  favorable  to  the  rapid  separation 
of  the  materials  that  formed  the  ore  deposits. 

Consideration  of  the  relation  of  primary  sul¬ 
phates  (barite,  anhydrite,  or  alunite)  in  the 
ore  deposits  has  led  to  the  belief  that  they 
wore  formed  directly  from  magmatic  emana¬ 
tions.  That  they  occur  only  in  veins  that  were- 
formed  at  relatively  low  temperature  is  be¬ 
lieved  to  bo  due  to  the  fact  that  tho  sulphate 
radicle  (S03)  is  unstable  at  high  temperature 
and  that  it  forms  rapidly  and  is  stable  only  at 
relatively  low  temperature.  Tho  oxygen  to 
form  the  sulphate  is  probably  derived  from 
oxygen  compounds  of  iron  and  other  elements. 
These  compounds  may  be  reduced  to  the  lower 
state  of  oxidation  or  to  sulphides. 

The  alteration  of  the  ore  deposits  by  surface 
ngencieshas  had  an  important  though  variable 
effect  on  their  composition.  It  bus  enhanced 
the  value  of  nearly  all  the  deposits  by  concen¬ 
trating  a  certain  metal,  as  copper,  or  by  re¬ 
moving  a  part  of  one  of  the  metals  from  a  com¬ 
plex  deposit,  as  zinc  from  lead-silver-zinc  ore; 
or  by  changing  the  character  of  the  ore  during 
its  oxidation  so  ns  to  render  it  more  amenable 
to  lnetollurgic  treatment,  as  in  some  of  the 
gold  and  silver  deposits.  In  general,  lead, 
silver,  and  gold  migrated  but  little  diming  the 
process  of  oxidation,  and  their  ores  were  im¬ 
proved  by  the  removal  of  other  constituents. 
Copper  and  ziue,  on  the  other  hand,  migrated 
readily  and  under  fuvovablo  conditions  were 
reprccipitated  in  a  concentrated  form,  pro¬ 
ducing  valuable  deposits. 
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PART  I. — GENE 
INTRODUCTION. 

FIELD  WORK  AND  AUTHORSHIP. 

The  senior  author,  B.  S.  Butler,  began 
field  work  on  the  ore  deposits  of  Utah  in  the 
summer  of  1908  by  making  n  detailed  study 
of  the  oro  deposits  of  the  San  Francisco  and 
adjacent  districts.  The  results  of  this  work 
were  published  as  Professional  Paper  SO  of  the 
United  States  Geological  Survey.  Later  ho 
made  n  reconnaissance  of  the  other  districts  in 
southern  Utah,  and  eventually' of  the  districts 
farther  north,  including  the  Deep  Creek,  Fish 
Springs,  Dugway,  Silver  Islet,  Grouse  Creek, 
Raft  River,  Promontory,  and  Oquirrh  ranges 
and,  together  with  G.  F.  Loughlin,  of  the 
Cotton wood-American  Fork  area.  In  order 
to  gain  a  personal  knowledge  of  the  geology 
and  to  make  observations  on  later  develop¬ 
ments,  visits  were  made  to  districts  that  had 
previously  been  studied  in  detail  by  other 
writers.  In  1913  thesenior  author,  in  company 
with  F.  L.  Hess,  examined  deposits  in  the 
Uinta  Mountains  and  in  the  vicinity  of  the 
La  Sal  and  Henry  mountains.  In  1914,  in 
company  with  W.  L.  Whitehead,  ho  spent  two 
months  in  a  further  study  of  the  geology  and 
ore  deposits  in  tho  Plateau  region. 

The  junior  author,  G.  F.  Loughlin,  began 
work  in  the  Tintic  district  in  1911  in  collabora¬ 
tion  with  Waldemar  Lindgron.  The  results 
of  this  work  ore  presented  in  Professional  Paper 
107.  Reconnaissance  studies  were  afterward 
made  by  him  of  the  districts  between  the  Tintic 
and  Thomas  ranges,  of  tho  Leamington  district, 
and  of  districts  in  the  Wasatch  Range. 

Several  of  the  mining  districts  of  the  State 
have  been  studied  in  detail  by  other  writers, 
and  their  reports  have  been  published.  The 
general  results  of  these  studies  have  been 
embodied  in  this  report.  The  more  important 


LAI,  FEATURES. 

reports  nro  those  on  the  Mercur  district,  by 
J.  E.  Spun-  and  S.  F.  Emmons;  the  Bingham 
district,  by  J.  M.  Bout-well,  Arthur  Keith,  and 
S.  F.  Emmons;  the  Park  City  district,  by  J.  M. 
Bout  well  and  L.  II.  Woofeey;  the  Iron  Springs 
district,  by  C.  It.  Leith  and  E.  C.  Harder; 
and  the Tiii tic  district,  described  first  byG.  W. 
Tower  and  G.  O.  Smith  nnd  Inter  by  Waldemar 
Lindgrcn  and  G.  F.  Loughlin. 

In  1916  and  1917  detailed  work  was  curried 
on  in  the  Cottomvood-Amcrican  Fork  region. 
This  work  was  interrupted  by  tho  war,  but 
somo  of  the  results  are  incorporated  in  this 
paper. 

I  lie  general  section  of  this  report  was  pre¬ 
pared  by  B.  S.  Butler,  and  the  reports  on  tho 
several  districts  by  tho  writers  indicated  in  the 
body  of  the  report.  The  historical  and  statis¬ 
tical  data,  both  for  the  general  section  and  for 
the  individual  districts,  were  collected  by 
V.  C.  Heikes,  of  tho  Salt  Lake  City  office  of 
the  Geological  Survey. 

o  »• 

t 

SCOPE  OF  THE  REPORT. 

Thero  are  several  well-defined  mineral  belts 
within  tho  State,  nnd  particular  attention  has 
been  given  to  the  relation  of  the  ore  doposits 
within  these  belts.  Individual  districts  hnvo 
been  described  in  as  much  detail  as  the  condi¬ 
tions  of  study  have  warranted.  In  somo  dis¬ 
tricts  there  was  little  or  no  activity  at  the 
times  of  visit  and  very  meager  opportunity  for 
studies  below  the  surfneo,  whereas  in  other  dis¬ 
tricts  thero  were  abundant  opportunities  for 
such  studies.  No  attempt  has  been  made  to  de¬ 
scribe  individual  mines  except  as  illustrations 
of  a  part  icular  type  of  deposit.  The  ininos  in 
several  of  the  larger  districts  have  already 
been  described  in  reports  published  by  the 
Geological  Survey,  and  those  in  other  districts 
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will  doubtless  be  described  ns  opportunity 
affords. 
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tion,  southeastern  Utah:  Abstract  iu  Science,  new 
ser  .vol.  19,  p.  618, 1904. 

J  Describes  stratigraphic  succession  in  this  region. 
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Beiikky,  C.  P.,  Stratigraphy  .of  the  I  iota  Mountains: 
Geol.  So-  America  Bull  ,  vol.  16.  pp.  517-530,  2  pin  . 
3  figs.,  1905. 

Discusses  the  occ  urrence,  charac  ter,  and  relations 
of  tire  formations  of  the  Uinta  Mountains  of  Utah  and 
the  correlation  of  the  Wasatch  and  Uinta  sections. 

Black  vcEi.icen,  Kliot,  Phosphate  deposits  east  of  Ogden, 
Utah:  U.  S.  Geol.  Snrvc-y  Bull.  430,  pp.  530-551,  -1 
ligs.,  1910. 

Describes  the  general  geology,  Carboniferous  forma¬ 
tions,  geologic  structure,  and  tho  distribution,  charac¬ 
teristics,  and  relations  of  phosphate  dcfxisita. 

- New  light  on  the  geology  of  the  Wasatch  Moun¬ 
tain*:  Abstract  in  Science,  new  ser..  vol.  32.  p.  188, 
1910. 

- New  light  on  the  geology  of  the  Wasatch  Moun¬ 
tains,  Utah:  Geol.  Soa.  America  Bnli.,  vol.  21,  No. 
4,  pp.  517-542,  5  pis.,  9  tigs.,  1910;  discussion,  p.  767. 

Discutwes  the  occurrence  and  relations  of  pre-Cam¬ 
brian  and  various  Paleozoic  formations  ami  the  geo¬ 
logic  structure,  describing  overthrust  faults  and  fold¬ 
ing. 

Blaky.  W.  P.,  On  the  orography  of  the  western  portion  of 
the  United  States:  Am.  Assoc.  Adv.  Sci.  Proc., 
vol.  10,  pt.  2.  pp.  119-134,  1857. 

- Upon  the  gradual  desiccation  of  the  surface  of  the 

western  |x>rtion  of  North  America:  Am.  Naturalist, 
vol.  2.  p.  444,  1369. 

-  Notes  on  some  points  in  the  mineralogy  ami  geology 

of  Utah:  Am.  Jour.  Sci.,  3d  ser.,  vol.  2.  p.  216,  1371. 

- Iron  ore  deposits o:  southern  Utah:  Am.  Inst.  Min. 

Eng.  Trans...  vol.  II.  pp.  809-811.  1886. 

- Age  of  the  limestone  strata  of  Deep  Creek,  Utah, 

and  tho  occurrence  of  gold  in  the  crystalline  portions 
of  the  formation:  Am.  Geologist,  vol.  9.  pp.  47-18, 
1892. 

The  limestone  forms  tho  ranges  of  liilis  and  moun¬ 
tains  and  has  been  metamorphosed  by  tho  iutrusion 
of  granitic  dikes.  Its  Carboniferous  age  is  indicated 
by  the  contained  fossils. 

- Association  of  apatite  with  beds  of  magnetite:  Am. 

Inst.  Min.  Eng.  Trans.,  vol.  21,  pp.  159-160,  1893. 

Mentions  examples  of  such  association  in  New  York, 
Missouri,  Utah,  and  New  Jersey. 

See  a!»o  Hitchcock  and  Blake. 

Boutwkll,  J.  M.,  Ore  deposits  of  Bingham,  Utah:  U.  S. 
Geol.  Survey  Bull.  213.  pp.  105-122,  1903. 

Describes  the  history  of  mining  developments  at 
this  locality,  the  character  and  occurrence  ol  sedimen¬ 
tary  and  igneous  rocks,  the  geologic  structure,  ond 
the  occurrence  and  character  of  the  ore  deposits. 

•  Progress  report  on  the  Park  City  mining  district, 
Utah:  U.  8.  Geol.  Survey  Bull.  213,  pp.  31-10,  1903. 

Contains  a  general  account  of  tho  geology  and  ore 
deposits  of  tho  region. 

- Iron  ores  in  the  Uinta  Mountains,  Utah:  U.  S.  Geol. 

Survey  Bull.  225,  pp.  221-228,  1901. 

Peacrilies  tho  general  geologic  structure  and  stratig¬ 
raphy  of  tho  region  and  the  occurrence  and  character 
of  the  iron  oro  deposits. 

- - Gvpsuin  deposits  in  Utah:  U.  S.  Geol.  Survey  Bull. 

223,  pp.  102-110,  1  pi.,  1991. 

DescriWs  character,  occurrence,  economic  develop¬ 
ment,  and  geologic  relations  of  gypsum  deposits  in 
Utah. 
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Boutwell,  J.  M.,  Rock  gypsum  at  Nephi.  Utah:  V,  S. 
Geol.  Survey  Bull.  225.  pp.  483-187.  1901. 

Describes  the  character,  occurrence,  and  develop¬ 
ment  of  ruck  gypsum  near  Nephi,  Utah. 

- Pmgre»  report  on  the  Park  Pity  mining  district. 

Utah:  U.  8.  Geol.  Survey  Bull.  225,  pp.  141-150,  19CH. 

Describe*  the  diameter  and  occurrence  of  tho  sedi¬ 
mentary,  igneous,  and  met  amorphic  rocks,  the  geologic 
structure,  and  the  occurrence  and  mining  of  silver-load 
ores. 

- Economic  geology  of  the  Bingham  ruining  district, 

Utah:  U.  S.  Geol .  Survey  Prof.  Paper  38,  pp.  71  385, 
34  pis..  10  figs..  1905. 

.  Deserilx?*  the  history  and  development  of  the  dis¬ 
trict,  the  character,  occurrence,  mu!  genesis  of  the  ores, 
chiefly  .gold,  silver,  and  copper,  and  in  detail  the  mines 
and  mining  operations. 

- Genesis  of  the  ore  deposits  at  Bingham,  Utah :  Aui. 

Inst.  llin.  Eng.  Bi-Monthly  Bull.  6,  pp.  1153-1192, 
1.1  figs.,  1905.  Alwlraet  in  Science,  new  ser.,  vol.  21, 
p.  662,  1905. 

Describi-s  the  general  geology  and  the  cluraeter  anil 
occurrence  of  tho  copper  and  lead  ores  uml  discusses 
their  origin. 

- Vanadium  and  uranium  in  southeastern  Utah:  l".  S. 

Geol.  Survey  Bull.  260,  pp.  260-210.  1  fig.,  1905. 

Describes  tho  occurrence,  geologic  relations,  and 
diameter  of  ore  deposits  yielding  vanadium  and 
iimuium. 

- Progress  report  on  Park  City  mining  district,  Utah: 

U.  S.  Geol.  Survey  Bull.  266.  pp.  150-153,  1905. 

Describes  the  progress  of  the  mining  operations  in 
this  district  and  the  occurrence  of  the  ore  inwlies, 
which  yield  chiefly  gold  and  silver 

- Ore  deposits  of  Bingham,  Utah:  Eng.  and  Min. 

Jour.,  vol.  79,  pp.  1176-1178,  3  figs.,  1905. 

- Ore  deposits  of  Bingham,  Utah:  U.  S.  Geol.  Survey 

Bull.  260,  pp.  230-241,  1905. 

Describes  the  character,  occurrence,  and  origin  of 
the  ores,  which  yield  principally  copper,  and  the 
recent  mining  developments. 

- Oil  and  asphalt  prospects  in  Salt  Lake  basin,  Utah : 

U.  S.  Geol.  Survey  Bull.  260,  pp.  408-170,  1  tig.,  1905. 

Describes  the  general  geography  and  geology,  t he 
prospecting  for  oil,  and  the  occurrence  and  character 
of  asphalt. 

- Stratigraphy  and  structure  of  the  Pork  Oily  mining 

district,  Utah:  Jour.  Geology,  vol.  15.  No.  5,  pp. 
434-458.  1907. 

Describes  the  general  geology,  the  character,  occur¬ 
rence,  and  relations  of  Carboniferous,  Triassic.  and 
Jurassic  strata,  aud  the  geologic  structure. 

- Geology  and  ore  deposits  of  the  Park  City  district, 

Utah:  U.  S.  Go«d.  Survey  Prof.  Paper 77,  231  pp.,  44 
pis.,  18  figs.,  1912. 

Bowman,  H.  L.,  Note  on  tho  refractive  indices  of  pyro- 
morphite,  mimelito,  and  vanadinite:  Mineralog.  Mag., 
vol.  13,  pp.  324-329,  December,  1903.  _ 

Bradford,  R.  13. ,  Some  Utah  mineral  deposits  and  their 
metallurgical  treatment:  Am.  Min.  Cong  .  lltk  onn. 
Hess.,  Papers  and  addresses,  pp.  101  118,  1909. 

Bradley,  F.  H.,  Explorations  of  1672,  United  States 
geological  survey  of  the  Territories,  under  Dr.  F.  V. 
llaydon,  Snake  River  division:  Am.  Jour.  Sci.,  Sd 
ser.,  vol.  6.  pp.  194-207,  1873.' 
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Bradley,  F.  H.,  Report  aa  geologist  of  the  Snake  River  • 
division:  U.  S.  Geol.  Survey  Terr.  Sixth  Ann.  Repl  .  i 
pp.  191-271,  1873. 

Bradley,  W.  M,  See  Ford  and  Bradley. 

Brewer,  W.  H.,  Warren's  New  physical  geography,  14-1 
papes,  Philadelphia,  1800. 

Brinsmade,  U.  B.,  MLiing  at.  Bingham,  Utah:  History  and 
geology  of  the  region:  Mines  and  Minerals,  vol,  28,  No. 
3,  pp.  90-93;  No.  4,  pp.  105-108,  7  figs.,  1907. 

_ The  Utah  copper  mill  near  Garfield,  Utah:  Min. 

World,  vol.  28,  pp.  553-55(5,  6  figs.,  1908. 

Describes  the  occurrence  of  the  ore  bodies. 

- Mines  of  Tintic  district,  Utah:  Mines  and  Minerals, 

vol.  28,  No.  6,  pp.  291-295,  5  figs.,  1908. 

Includes  an  account,  of  the  local  geology  and  the 
occurrence,  character,  relations,  and  origin  of  the  lead 
and  capper  ores. 

- Mining  and  milling  at  Stockton,  Utah:  Eng.  and 

Mir..  Jour.,  vol.  85,  pp.  611-612,  l  fig.,  1908. 

Includes  a  brief  account  of  the  local  geology  and 
the  occurrence  and  origin  of  the  lead-silver  ores. 

- Daly-West  mine  and  mill  (Park  City,  Utah):  Mines 

and  Minerals,  vol.  28,  No.  8,  pp.  353-356,  4  figs.,  1908. 

Includes  a  brief  account  ot'  tho  geology  in  the 
vicinity  of  Park  City ,  Utah,  and  of  the  occurrence 
and  character  of  the  ore  bodies. 

Burling,  L.  D.,  A  key  to  Basin  Range  structure  iu  the 
Cricket  Range,  Utah:  Science,  now  Her.,  vol.  36,  p. 
2-10,  1912. 

- Early  Cambrian  stratigraphy  in  the  North  American 

Cordillera,  with  discussion  of  Albcrltlla  and  related 
faunas:  Canada  Geol.  Survey  Mils.  Bull.  2,  pp.  93-129, 
1914. 

P.utlbr,  B.  S.,  Notes  oa  the  San  Francisco  region,  Utah: 
U.  S.  Geol.  Survey  Bull.  529,  pp.  197-199,  1913. 

Gives  notes  on  the  character  and  occurrence  of  the 
ores. 

- —  Occurrence  of  complex  and  little-known  sulphates 

and  siilpharsenates  as  ore  minerals  in  Utah:  Econ. 
Geology',  vol.  8,  No.  4,  pp.  311-322,  1  fig.,  1913. 

— - Geology  and  ore  deposits  of  the  San  Francisco  and 

adjacent  districts,  Utah:  U.  S.  Geol.  Survey  Prof. 
Riper  80,  212  pp.,  41  pis.,  16  figs.,  1913. 

- Geology  and  oro  deposits  of  the  San  Frnueiaco  and 

adjacent  districts,  Utah:  Econ.  Geology,  vol.  9,  No. 
5,  pp.  413-431, 1  pi,  (map),  2  figs,;  No.  6.  pp.  529-558, 
8  figs.,  1314. 

- Relation  of  oro  deposits  to  different  types  of  intru¬ 
sion  bodies  in  Utah:  Econ.  Geology’,  vol.  10,  No.  2, 
pp.  101-122,  1915;  4  figs.  Abstract  and  discussion  in 
Washington  Acad,  Sci,  Jour.,  vol.  5,  No.  11,  pp.  407- 
409,  1915. 

Buti^b,  B.  3.,  and  Gale,  H.  S.,  Alunite;  a  newly  dis¬ 
covered  deposit  near  Marysvale,  Utah:  U.  S.  Geol. 
Survey  Bull.  511,  64  pp.,  3  pis.,  1912.  Abstract  in 
Washington  Acad.  Sci.  Jour.,  vol.  2,  No.  7,  p.  193 

1912. 

Describes  the  occurrence,  extout,  and  geologic 
relations  of  tho  alunito  vein,  the  geology  and  miner¬ 
alization  of  the  Tushar  Range  in  which  tho  vein  Is 
found,  other  known  Occurrences  of  nlunitc  in  the 
United  States  and  some  foreign  deposits,  and  dis- 
cuss33  the  origin  of  the  Marysville  nlunite  depend. 


Butler,  B.  S.,  and  Heikks,  V.  C.,  Notes  on  the  Promon¬ 
tory  district,  Utah:  U.  S.  Geol.  Survey  Bull.  640, 
pp.  1-10,  2  figs.,  Mar.  16,  1916. 

Butler,  B.  S.,  aud  Louohlin,  G.  F.,  A  recounaissance 
of  the  Cottonwood-Ameriean  Fork  mining  region, 
Utah;  U.  S.  Geol.  Survey  Bull.  620,  pp.  165-226, 

1  pi.  (map),  1915. 

Butler,  B.  S.,  aDd  Schaller,  \V.  T.,  Some  minerals  from 
Beaver  County,  Utah:  Ant.  Jour.  Sci.,  4th  nor.,  vol. 
32,  pp.  418-124,  1  fig.,  1911. 

Describes  bcuverite  (new),  wurtzite,  plumbojaro- 
tiite,  aud  corkile, 

- Thaumayite  froni  Beaver  County,  Utah:  Am.  Jour. 

Sci.,  4th  ser.,  vol.  31,  pp.  131-134,  1911.  Zeitschr. 
Kry.st.  Min.,  Band  49,  Heft  3,  pp.  236-238,  1911. 
Abstract  in  Washington  Acad.  Sci.  Jour,,  vol.  1,  p, 
37,  July,  1911. 

Describes  the  occurrence  and  composition. 

- - — Boavcrite,  a  new  mineral:  Washington  Acad.  Sci. 

Jour.,  vol.  1,  pp.  26-27,  1011. 

- Mngneaiolndwigile,  a  now  mineral:  Washington. 

Acad.  Sci.  Jour.,  vol.  7,  uo.  2,  pp.  29-31,  Jan.  19, 1917. 
Butler,  B.  S.,  Louohijn,  G.  F,,  -and  IT  kikes,  V.  C.,  A 
recon  ua  is- a  nee  of  the  Cottonwood-Ameriean  Fork 
mining  region,  Utah:  U.  S.  Geol.  Survey  Bull.  620, 
pp.  165-226,  1915. 

Describes  the  geology  uwi  ore  deposits  of  the  region. 
Sec  also  Wells  and  Butler. 

C.  T.,  The  Eureka-Beck  decision:  Eug.  and  Alin,  Jour., 
vol.  41,  pp.  200-208,  1386. 

Call,  It.  E.,  On  the  Quaternary  and  Recent  molTusca  of 
the  Great  Ba«in,  with  descriptions  of  new  forms: 
TJ.  S.  Geol.  Survey  Bull.  11,  66  pp.,  G  pis.,  1884. 
Carpenter,  Everett,  Ground  water  in  Boxelder  and 
Tooele  counties,  Utah:  U.  S.  Geol.  Survey  Water- 
Supply  Paper  333,  90  pp.,  2  pis.  (maps),  9  figs.,  1913. 
Clark,  F.  R.,  Coal  near  Thompson,  Grand  County,  Utah: 
U.  S.  Geol.  Survey  Bull.  541,  pp.  453-477,  1  fig., 
map,  1914. 

- Coal  near  Wales,  Sanpete  County,  Utah:  U.  S. 

Geol.  Survey  Bull.  541,  pp.  478-4S9,  map,  1914. 
Clark,  R.  W.,  A  new  occurrence  of  crystallized  willomito 
(Star  district,  Beaver  County,  Utah):  Am.  Mineralo¬ 
gist,  vol.  1,  no.  6,  pp.  S9-91,  l  fig.,  December,  1916. 
Abstract  in  Science,  now  ser.,  vol.  43,  p.  399,  Alar, 
17,  1916. 

Clarke,  F.  \V.,  Ah  aluminum  arsenate  from  Utah: 
Washington  Acad.  Sci,  Jour.,  vol.  2,  No.  21,  pp.  516- 
518,  1912. 

Cockerell,  T.  D.,  A  fossil  gar  pike  front  Utah:  Science, 
new  ser.,  vol.  29,  p.  790, 1909. 

Conrad,  T.  A.,  On  the  Eoceuo  beds  of  Utah:  Am.  Jour. 

Sci.,  3d  ser.,  vol.  1,  pp.  381-333,  1S71. 

Cope,  E.  D.,  Report  on  the  vertebrate  paleontology  of 
Colorado:  U.  S.  Geol.  and  Gcog.  Survey'  Terr.  Seventh 
Ann.  Rept.,  pt.  2,  pp.  427-533,  pis.  1-lg,  1874. 

‘The  Vertebrate  of  the  Cretaceous  formations  of  the 
Weal:  U.  S.  Geol.  Survey  Terr.  Final  Rept.,  vol.  2, 
pp.  15-41,  1875. 

The  Manti  beds  of  Utah:  Am.  Naturalist,  vol.  14, 
pp.  303-361, 1880. 

-  The  Tertiary  formation  of  the  central  region  of  the 
United  States:  Am.  Naturalist,  vol.  16,  pp.  177-195, 
pi.,  1882. 
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Cope,  E.  D.,  The  vertebrate  oi  the  Tertiary  formation  of 
the  Wot,  book  1:  U.S.Geol.  Survey  Terr.  Final  Rent  , 
vol.  3,  xxxtv,  1009  pp.,  75  pis.,  1884.  Reviewed  in 
Science,  vol.  5,  pp.  -167-469,  18S3. 

Crasr,  Guy  W„  Geology/  of  Tintic  ore  deposits,  Utah: 
Eng.  and  Min.  Jour.,  vol.  100,  No.  19,  pp.  753-757 
1915. 

- -  Geology  oi  the  ore  deposits  oi  the  Tintic  mining 

district,  Utah:  Am.  Inst.  Min.  Eng.  Dull.  J06,  pp. 
2147— 2160,  1913;  Am,  Inst.  Min.  Eng.  Trans.,  vol. 
54,  pp.  342-355,  1917. 

Cnoss,  WurmAN",  Petrography:  Geology  and  mining  in¬ 
dustry  of  Leadville,  Colo.:  U.  S.  Geol.  Survey  Mon. 
12,  pp.  319-362,  2  pis.,  1SS6.  Abstract  in  Am.  Natu¬ 
ralist,  vol.  22,  p.  62,  1887. 

Describes  some  rocks  collected  by  G.  K.  Gilbert 
from  the  Henry  Mountains. 

- The  laccolitic  mountain  groups  of  Colorado,  Utah, 

tuid  Arizona:  U.  S.  Geol.  .Survey  Fourteenth  Ann. 
Rept.,  pt.  2.  pp.  163-2-11,  pis.  7-16,  figs.  25-13,  189-1. 

Reviews  tbo  literature  of  the  laccolithic  theory. 
Describes  the  laccoliths  of  Iho  Henry,  West  Elk,  8an 
Miguel,  La  Plata,  Carriso,  El  Late,  Abajo,  and  La  Sal 
mountains,  Mosquito  Range,  and  the  intrusive  roeka 
of  the  Tenmile  district-,  Coin.  Discusses  the  chemical 
and  minerulogic  characters  of  laccolithic  rocks,  the 
conditions  under  which  they  were  formed,  and  the 
forms  and  origin  of  laccoliths. 

- Stratigraphic  results  of  a  reconnaissance  in  western 

Colorado  and  eastern  Utah:  Jour.  Geology,  vol.  15, 
No.  7,  pp.  634-679,  11  figs.,  1907. 

Discusses  the  correlation  of  Cretaceous,  Jurassic, 
Triassic,  and  Carboniferous  formations, 

- Wind  erosion  in  the  plateau  country:  Geol.  Soc. 

America  Bull.,  vol.  19,  pp.  53-62,  2  pis.,  1903. 

Describes  a  red  soil  in  Colorado  and  Utah  believed 
to  have  been  formed  from  material  transported  by 
wind.  Describes  also  evidences  of  eoliun  erosion  in 
Utah. 

Crowtiikr,  H.  M.,  The  copper  deposits  oi  the  Bc-aver 
River  Rauge,  Utah:  Eng.  and  Jlin.  Jour.,  vol.  75,  p. 
965,  1903. 

Describes  tho  geologic  structure  and  the  occurrence 
of  the  ores. 

See  qjto  Iddings  and  Cross. 

CuMMiso.s,  Byron,  The  great  natural  liridgeB  of  Utah: 
Nat.  Geog.  Mag.,  vol.  21,  No.  2,  pp.  157-167,  7  figs., 
1910. 

Curran,  T.  F.  V.,  Carnotite:  Eng.  and  Miu.  Jour.,  vol.  96, 
pp.  1165-1167,  1223-1225,  1913. 

Custer,  A.  E.,  Deep  Greek,  Clifton  mining  district,  Utah: 
Eng.  and  Min.  Jour.,  vol,  103,  no.  21,  pp,  915-920,  5 
figs.,  Mny  26,  1917. 

Dale,  T.  N.,  Slato  deposits  of  the  United  State*:  U.  S. 
Geol.  Survey  Bull.  275,  pp.  51-125,  18  pis.,  12  figs., 
1906. 

Describes  tho  character  and  occurrence  of  slates  in 
the  several  States  includiug  Utah. 

Dana,  J.  D.,  Rocky  Mountain  protasis  and  the  post- 
Cretaceoua  mountain  making  along  its  course:  Am. 
Jour,  Sci.,  3d  eer.,  vol.  40,  pp.  181-196,  1890. 
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Davis,  C.  A.,  On  the  fossil  algae  of  tho  petroleum-yielding 
shales  of  the  Green  Riv  er  formation  of  Colorado  and 
Utah:  Acad.  Nat.  Sci.  Proc.,  vol.  2.  no.  3,  pp.  114-119, 
March,  1916. 

- Some  fossil  algae  from  tbo  oil-yielding  shales  of  the 

Green  River  formation  of  Colorado  and  Utah.  Ab¬ 
stract  in  Geol.  Soc.  America  Bull.,  vol.  27,  no.  1,  pp. 
1 59- 1 60,  Mar.  31,  1910. 

Davjs,  W .  M. ,  Notes  on  geological  observations  in  Colorado 
and  Utah;  in  Macfarlano,  James,  An  American  geo¬ 
logical  railway  guide,  p.  105,  1S79. 

- On  thecloadficatiou  of  lake  basins:  Barton  Soc.  Nat. 

Hist.  Proc.,  vol.  21,  pp.  315-381,  1SS3.  Abstracts  in 
Am.  Naturalist,  vol.  16,  pp.  1028-1029,  1892;  Am. 
Jour.  Sci.,  3d  scr.,  vol. '21,  p.  230,  1882. 

-  Utah;  in  Maciarlano,  James,  An  American  geo¬ 
logical  railway  guide,  2d  ed.,  pp.  114,  115,  1890. 

- Notes  on  tho  Colorado  Canyon  district:  Am.  Jour. 

Sci.,  4th  ser.,  vol.  10,  pp.  251-259,  1  fig.,  1900. 

Discusses  the  physiographic  and  dynamic  history 
of  the  region. 

- An  excursion  to  the  Plateau  province  of  Utah  and 

Arizona:  Harvard  Coll.  Mu*.  Comp.  Zool.  Bull.,  vol. 
42,  pp.  1-60,  7  pi*.,  14  figs.,  1903. 

Describes  physiographic  features  of  this  region. 

- The  mountain  rouges  of  tho  Great  Basin:  llnrvnrd 

Coll.  Jfufl.  Comp.  Zool.  Bull.,  vol.  42,  pp.  129-177, 
7  pis.,  18  figs,,  1903. 

Discusses  the  explanations  offered  for  tho  forma¬ 
tion  of  the  mountain  ranges  of  the  Great  Basin,  de¬ 
scribes  his  observations,  and  reaches  the  conclusion 
that  the  Basin  ranges  are  examples  of  dissected  fault- 
block  mountains. 

- The  Waiatch,  Canyon,  and  House  ranges,  Utah: 

Harvard  Coll.  Mus.  Comp.  Zool.  Bull.,  vol.  49,  Geol. 
eer.,  vol.  8,  No.  2,  pp.  17-56,  3  pis.,  28  figs.,  1905. 

Discusses  tho  structure,  physiographic  features, 
and  mode  of  formation  of  these  mountains. 

- Submerged  valleys  and  barrier  reefs:  Nature,  vol. 

91,  pp.  423-121, 1913. 

Day,  D.  T.  See  Woodruff  and  Day. 

De  Kald,  Courtenay,  Boston  Consolidated  Mino,  Bing¬ 
ham,  Utah:  Min.  and  Sci.  Press,  vol.  9S,  pp.  553-556, 
6  figs.  1909. 

Includes  notes  on  the  occurrence  of  copper  ores  in 
Bingham  Canyon,  Utah. 

- The  Utah  copper  mine:  Min.  and  Sci.  Press,  vol. 

98,  pp.  516-521,  7  figs.,  1909. 

Includes  notes  on  tho  occurrence  of  the  copper 
ores  in  Bingham  Canyon,  Utah. 

Dk.iin,  G.  H.,  The  geology  of  Morcur,  Utah:  Mines  and 
Miucrals,  vol.  24,  pp.  543-545,  3  figs.,  1904. 

Describes  the  general  geology  and  the  occurrence 
and  character  of  the  gold  and  silver  ledges  and  dis¬ 
cusses  the  origin  of  the  ores. 

Dkrn,  John,  Tho  mining  and  mineral  resources  of  Utah, 
Am.  Min.  Cong.  Proc.,  9th  auu.  sesa.,  pp  166-177, 
1907;  Mines  and  Minerals,  vol.  27,  No.  6,  pp. 
250-252, 1907. 

Diehl,  C.  C.,  Gypsum:  Michigan  Miner,  vol.  6,  No.  6, 
pp.  21-24,  1904. 

Describes  the  occurrence  of  gypsum  in  Michigan 
and  Utah. 
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DoLfiLAHS,  Eabt..  Preliminary  description*  of  some  new 
Titamilheren  from  the  Uinta  deposits:  Carnegie  Mus 
Annals,  vol.  6,  pp.  304-313,  8  t**?".*  MHO- 

- Geology  of  the  Uinta  formation:  Geol,  Sec.  America 

Bull.,  vol.  25,  No.  3,  pp.  -417—120.  13H. 

Dcmiu,  M.  8.,  Western  phosphate  mines:  Mines  and 
Methods,  vol.  2,  No.  1,  pp.  0-13,  fl  Hgi'.,  Sept.,  1910. 

Includes  notes  on  tho  geology  of  tiro  phosphate  area 
in  Utah,  Idaho,  and  Wyoming. 

Dutton,  C.  E.,  Report  on  work  on  lava  fields  of  southern 
Utah:  U.  S.  Geog.  and  Geol.  Survey  Rocky  Mtn. 
rvgioD  Final  Rept.:  pp  5-7,  1877.  Also  in  Am. 
Jour.  Scl.,  3d  sir.,  vol.  15,  pp.  .133-358,  1878. 

- On  the  Permian  formation  of  North  America: 

Philos.  Soc.  Washington  Bull.,  vol.  1,  pp.  67-88,  1880. 

- Report-on  ihc  geology  of  the  high  plateaus  of  Utah, 

xxxii,  307  pp.,  atlas,  U.  S.  Geog.  and  Geol.  Survey 
Rocky  Mtn.  Region,  I860.  Abstract  in  Am.  Jour.  Sci., 
Ik!  Mer.,  vol.  20,  pp.  C:j-69,  1880. 

- Report  on  the  lithologic  characters  of  the  Henr/ 

Mountain  iutrusivea;  in  Gilbert,  G.  K.,  Report  on 
the  geology  of  the  lleDiy  Mountains,  pp.  61-65,  U.  S. 
Geog.  and  Geol.  Survey  Rocky  Mtn.  Region,  1377; 
2d  ed.,  pp.  147-151,  1880. 

- Report  on  work  in  High  Plateau  region:  U.  S. 

Geol.  Survey  Second  Ann.  Rcpt.,  1880-81,  pp.  5-10, 
1882. 

- The  physical  geology  of  the  Grand  Canyon  district: 

U.  S.  Geoi.  Survey  Second  Ann.  Rept.,  18S0-S1,  pp. 
17-168,  1882. 

- Tertiary'  history  of  tho  Grand  Canyon  district : 

U.  S.  Geol.  Survey  Mon.  2,  xiv,  261  pp.,  12  pis.,  and 
24  sheets  accompanying  folio  atlas,  1882.  Abstracts 
in  Science,  vol.  3,  pp.  327-331,  1881;  Am.  Jour.  Sci., 
3d  scr.,  vol.  21,  pp.  81-S9,  pi.  4,  18S2;  Am.  Naturalist, 
vol.  18,  pp. 511-513,  pis. ,  1834;  Snc.gdot.  FmnceBull , 
3d  sor.,  vol.  11,  pp.  529-539,  1883;  Liverpool  Geol. 
Assoc.  Jour.,  vol.  9,  pp.  49-55,  1890;  Scottish  Gccg. 
Mag.,  vol.  3,  pp.  441— liifl,  2  pis.,  map,  1887. 

Dyas,  W.  W.,  Tho  colossal  bridges  of  Utah;  A  recent  dis¬ 
covery'  of  natural  wonders:  Century  Mag.,  vol.  68,  pp. 
505-511, 1904. 

Eakis-s,  L.  G.,  Analyses  o)  adobe  soils:  U.  R.  Geol.  Survey 
Bull.  6-1,  p.  51, 1890. 

Eckkl,  E.  C.,  Tho  slate  deposits  of  California  and  Utah: 
U.  S.  Geol.  Survey  Bull.  225,  pp.  417-422,  1904. 

Describes  the  occurrence  and  charac  ter  qf  (date  de¬ 
posits  in  Eldorado  County,  Cal.,  and  near  Provo,  Utah. 

- The  rail  Industry  in  Utah  and  California:  U.  S. 

Geol.  Survey  Bull.  225,  pp.  488-495,  DIO-1. 

Describes  the  character  and  sources  of  the  materials 
used  and  tho  methods  of  manufacture  employed. 

- Cement  materials  and  ind  ustry  of  the  United  Suites: 

U.  8.  Geol.  Survey  Ball.  243,  395  pp.(  15  pis.;  }  g„ 

IBOji 

Describes  the  character  nn«l  general  cccurrcnce  of 
-  ement  materials  and  their  preparation,  and  in  detail 
the  occurrence,  geologic  relations,  and  character  of 
limestones,  shale*,  and  marls  in  the  various  States. 


Eldridoe.G.  n.,  The  uintaite(gilsouite)depoeit«ol  Utah: 
U.  S.  Geol  Survey  Seventeenth  Attn.  Kept.,  pt.  1, 
pp.  909-919,  pR  39-60,  figs.  26-33,  18%. 

Describes  the  ckissifcration  and  chemical  relations 
of  hydrocarbons,  tlio  geology  of  tho  region,  and  the 
occurrence  and  character  of  the  veins.  Presents  a 
geologic  map  of  tho  country. 

- Occurrence  of  uintaito  in  Utah:  Srience,  new  sor,, 

vol.  3,  pp,  830-332,  1806. 

Describes  tho  veins  of  uintaito  cutting  Tertiary 
strata  in  Utah.  Gives  chemical  analysis  of  uintaito. 

Emmens,  N.  W.,  The  Bingham  mining  camp,  Utah:  Min. 
Mag.,  vol.  12,  pp.  457-164,  5  figs.,  1905. 

Includes  brief  notes  011  the  geology  and  the  occur¬ 
rence  and  character  of  the  copper  ores. 

Emmons,  S.  F.,  Structural  relations  of  ore  deposits:  Am. 
Inst.  Min.  Eng.  Trans.,  vol.  16,  pp.  804-839,  1688. 

- Orographic  movements  in  the  Rocky  Mountains: 

Geol.  Soc.  America  Bull  ,  vol.  1,  pp.  245-286,  1890. 
Abstract  in  Am.  Naturalist,  vol.  24,  pp.  211-212,  1890. 

- The  Wasatch  Mountains  and  the  geological  pano¬ 
rama  of  the  Wasatch  Rauge:  Cong.  g6ol.  intemat. 
5th  sessc,  Compt.  rend.,  pp.  381-391,  1S93. 

Describes  the  geologic  history  of  this  range,  the  out¬ 
crops  of  tho  strata,  and  the  structure  of  the  mountain 
range. 

- Itinerary,  Spanish  Fork  Canyon,  Utah,  to  Grand 

Junction,  Colo.:  Cong.  gdol. intemat., Sthsess., Compt. 
rend.,  pp.  397—102,  1893. 

Describes  the  geology  along  the  railroad* between 
the  points  named. 

- Geological  distribution  of  the  useful  metals  in  the 

United  States:  Am.  Inst.  Min.  Eng.  Trans.,  vol.  22, 
pp.  53-95,  737-738,  1S94. 

Describes  the  geologic,  occurrence  in  different  parts 
of  the  United  States  of  iron,  manganese,  nickel,  tin, 
copper,  lead,  zinc,  quicksilver,  gold,  and  silver,  and 
givesasummaryof  conclusions  conceminga  the  genesis 
of  thoir  minerals. 

- Economic  geology  of  the  Mercur  mining  district, 

Utah:  U.  S.  Geol.  Survey  Sixteenth  Ann.  Rept.,  pt. 
2,  pp.  349-369,  1895. 

Describes  the* topography  and  gives  an  account  of 
the  discovery,  development,  and  production  of  the 
mining  district.  Describes  the  structure  of  the  range, 
the  occurrence  of  the  sedimentary  and  igqpous  recks, 
and  the  general  economic  geology-  of  tlie  district. 

- Origin  of  Green  River:  Science,  new  ser. ,  vol.  6, 

pp.  19-21, 1897. 

Discusses  the  evidence  as  to  the  origin  and  develop¬ 
ment  of  the  river. 

Turtle  district,  Utah:  U.  S.  Geol.  Survey  Geol. 
Atlas,  Tintic  special  folio  (No.  65),  pp.  7-8,  1900. 

Gives  general  conclusions  with  regard  to  the  eco¬ 
nomic  geology  of  the  region. 

- Notes  on  two  desert  mines  in  southern  Nevada  and 

Utah:  Abstract  in  Kcionce,  new  scr.,  vol.  13.  on  126- 
127, 1901.  n 

Contains  abstract  of  paper  read  before  tho  Geologi¬ 
cal  Society  of  Washington. 
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Emmons,  S.  F.,  The  Dolamar  and  (.he  Horn-Silver  mines; 
iwo  types  of  ore  deposits  in  tho  deserts  of  Nevada  and 
Utah:  Am.  Inst.  Min.  Eng.  Trans.,  vol.  31,  pp.  658- 
683,  10  figs.,  100-2. 

Describes  topography  and  geologic  structure  of  the 
region,  characters  of  the  ore,  and  history  and  develop¬ 
ment.  of  these  mines. 

- In  discussion  of  paper  l>y  W.  P.  Jenney,  The  min¬ 
eral  crest,  or  tho  hydrostatic  level  attained  by  the  orc- 
deposnling  solutions  in  certain  mining  districts  of  the 
Great  Salt  Lake  Basin:  Am.  Inst.,  Min.  Eng.  Trans., 
vol.  33,  pp.  1062-1003,  1903. 

- Tlio  Little  Cottonwood  granite  hotly  of  the  Wasatch 

Mountains:  Am.  Jour.  Sci.,  -1th  ser.,  vol.  16,  pp. 
139-1-1 7,  1  fig.,  1903. 

Discusses  tho  geologic  relations  and  age  of  this  gran¬ 
itic  mass. 

- Economic  geology  of  the  Bingham  mining  district, 

Utah:  U.  S.  Geol.  Survey  Prof.  Paper  3.S,  pp,  17-25, 
1905. 

Describes  the  general  geology  of  the  region,  and  the 
occurrence  and  character  of  i  'arboniterous  sedimentary 
strata  and  of  igneous  rocks. 

- The  Cact  us  copper  mine,  Utah:  U.  S.  Geol.  Survey 

Bull.  2 CO,  pp.  2-12-248,  1  fig.,  1905. 

Describes  the  location  and  history  of  the  mine,  the  , 
general  geology,  and  the  character  and  oernrrenco  of 
die  eopjter  ores. 

- Geological  structure  of  the  Uinta  Mountains:  Ab¬ 
stract  in  Science,  new  ser.,  vol.  25,  pp.  767-76S,  1907, 

- Uinta  Mountains:  Geol.  See.  America  Bull.,  vol. 

18,  pp.  287-302,  1  pi.,  2  figs.,  1907. 

Reviews  previous  geologic  work  in  the  region,  de¬ 
scribes  the  general  structure  and  stratigraphic  succes¬ 
sion  of  the  Uinta  Mountains,  and  discusses  the  origin 
of  Green  River. 

See  also  Hague  and  Emmons. 

Enoeliiann,  II.,  Preliminary'  report  on  the  geology  of  the 
country  between  Fort  Bridger  and  Gamp  Floyd,  Utah 
Territory,  and  southwest  of  tho  latter  place,  along 
J.  H.  Simpson's  routes,  185S:  35th  Gong.,  2d  sess.,  S. 
Ex.  Doc.  40,  pp.  45-75,  1859. 

- Tl»e  brown  coals  of  Utah  and  adjoining  territories: 

Am.  Inst.  Mixi.  Eng.  Trans.,  vol.  4,  pp.  298-308,  1876. 

- - -  Report  on  the  geology  of  the  country  between  Port 

Leavenworth,  Kans.,  and  the  Sierra  Nevada  near  Gar- 
son  Valley:  in  Simpson,  J.  II.,  Report  of  explorations 
across  the  Great  Basin  of  the  Territory  of  Utah  in  1859, 
pp.  247-336,  187(1. 

See  also  Meek  and  Engelmaun. 

Faun,  Faber  du,  The  sulphur  deposits  of  southern  Utah: 
Am.  Inst.  Min.  Eng.  Trans.,  vol.  16,  pp.  33-35,  1SS7. 

Fenner,  Clarence,  Tho  Old  Telegraph  mine,  Bingham 
Canyon,  Utah:  School  of  Mines  Quart,,  vol.  14,  pp. 
354-358, 1893. 

Describes  the  character  and  structure  of  the  ore 
I  xx  Lies. 

Fermer,  \V.  F.  See  Weeks  and  Perrier. 

Field,  V.  \V\,  Clayton  Peak,  Utah;  one  of  nature’s  store¬ 
houses  of  minerals:  Am.  Mineralogist,  vol.  2,  No.  7, 
pp.  92-93,  July,  1917, 

Foote,  IT.  W.  See  Penfield  and  Foote. 


Fonn,  W.  E.,  and  Brablev,  W.  M.,  On  the  identity  of 
loot  cite  with  conuelitc,  together  with  the  description 
of  two  new  occurrences  of  the  mineral:  Am.  Jour.  Sci., 
4th  ser.,  vol.  39.  pp.  G70-C76,  1915. 

Forrester,  J.  B.,  Geology  of  tho  Black  Hawk  coal  mine, 
Emery  County,  Utah:  Colliery  Eng,,  vol.  36,  No,  1, 
pp.  I7-IS,  August,  1915. 

Forrester,  Robert,  Coal  fields  of  Utah:  U.  S.  Geol  Sur¬ 
vey  Mineral  Resource*,  1892,  pp.  511-520,  1898. 

States  I  hat  the.  coal  measures  of  the  Uiniruie  are  best 
developed  on  the  eastern  slopes  of  the  Wasatch,  the 
beds  attaining  a  maximum  thickness  of  2S  feel,  and 
tho  coal  also  occurs  in  the  Montana  and  Colorado  Cre¬ 
taceous.  Gives  analyses  of  coal  from  different  local¬ 
ities. 

Foster,  William,  Colorado,  California,  Montana,  Utah, 
etc.  [building  stones’);  in  Report  on  tho  building  stones 
of  (ho  United  States  and  statistics  of  the  ciuarry  indus¬ 
try  for  18S0:  Tenth  Census  U.  S.,  vol.  10  (separate 
pagination),  pp.  277-279,  188-1. 

Gann,  W.  M.,  Reply'  to  Jules  Mnrcou’a  criticism  on'Jurasaic 
fossils:  Acad.  Nat.  Sci.  Philadelphia  Proc.,  vol.  12, 
pp.  54S-549,  I860. 

Gale,  U.  S.,  Coal  fields  of  northwestern  Colorado  and 
northeastern  Utah:  U.  S.  Geol.  Survey  Bull.  3-11,  pp, 
2S3-315,  5  pis.  (maps'),  1  fig.,  1909. 

Describes  tho  general  stratigraphy  and  structure  of 
the  region,  tho  occurrence,  character,  and  relations  of 
the  coal-bearing  formations,  and  the  distribution  and 
character  of  the  cools. 

- Coal  fields  of  northwestern  Colorado  and  north¬ 
eastern  Utah:  U.  S.  Geol.  Survey  Bull.  415,  265  pp., 
22  pis.,  8  figs.,  1910. 

- Supposed  graphite  deposits  near  Brigham,  Utah: 

U.  S.  Geol.  Survey  Bull.  430,  pp.  039-610,  1910. 

- Nitrate  deposits:  U.  S.  Geol.  Survey  Bull.  523, 

36  pp.,  2  pis.,  2  figs.,  1912. 

A  general  review  of  die  occurrence  and  origin  of 
nitrate  deposits. 

- Potash  in  Salduro  tall  deposit  (Utah):  Eng.  and 

Min.  Jour.,  vol.  102,  No.  18,  pp.  780-782,  Oct..  28, 
1916, 

See  also  Butler  and  Gale, 

Gale,  H.  S.,  and  Rickards,  R.  W.,  Preliminary  report 
on  tho  phosphate  deposits  in  southeastern  Idaho  and 
adjacent-  parts  of  Wyoming  and  Utah:  U.  S.  Geol. 
Survey  Ball.  430,  pp.  457-535,  10  pis.,  3  figs.,  1910. 

Describes  the  nature,  origiu,  and  composition  of  tho 
phosphate  rock,  the  general  geology  of  the  region,  the 
character,  occurrence,  and  relations  of  Carboniferous, 
Triassie,  Jurassic,  Cretaceous,  ami  Tertiary  forma¬ 
tions,  and  the  geologic  structure.  Gives  a  detailed 
account  of  the  local  geology,  distribution,  area,  ton¬ 
nage,  etc.,  of  phosphate  deposits, 

Gannett,  Henry,  A  gazetteer  of  Utah:  U.  S.  Geol.  Sur¬ 
vey  Bull.  166,  43  pp..  1  pi.,  1900. 

Gaxsl,  G.  C.,  and  Keep,  G.  A.,  The  Ophir  mining  dis¬ 
trict  of  Utah:  Sait  Lake  Min.  Rev.,  vol.  12,  nn.  8, 
pp.  17-20,  5  figs.,  July  30, 1910. 

Includes  nates  on  the  geologic  structure  and  stra¬ 
tigraphy,  aud  on  the  character  and  occurrence  of  the 
silver-lead  ores  in  the  southern  part  of  tho  Oquirrh 
Mountains. 
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Gkixie,  Arcujdai.d,  Archean  rocks  of  the  Wasatch 
Mountains'  Am.  Jour.  Sci.,  3d  ser.,  vol.  19,  pp.  363- 
367,  1880. 

- The  ancient  glaciers  of  the  Rocky  Mountains:  Am. 

Naturalist,  vol.  15,  pp.  1-7,  1981. 

Gkmmrll,  It.  C.,  The  Camp  Floyd  raining  district  and  the 
Mercur  mine,  Utah:  Eng.  and  Min.  Jour.,  vol.  63, 
pp.  403-101, 1897. 

Describes  the  topographic  and  geologic  features  of 
the  district. 


Ganp.irr,  G.  K.,  On  the  glacial  epoch  in  Utah  and  Nevada: 
Philos.  Soc,  Washington  Bull.,  vol.  1,  pp.  84-85,  1873. 

- Nctea  on  West.  Mountain,  Camp  Floyd,  Ophir, 

Clifton,  North  Star,  Star,  Rocky,  Lincoln,  and  Granite 
districts,  Utah:  U.  S.  Geog,  Surveys  \V.  100th  Mer. 
Progress  Rept..  for  1874,  pp.  18-22,  187). 

- - Preliminary  geological  report:  U.  S.  Geog.  Stir- 

voys  \V.  100th  Mer.  Progress  Rept.  for  1871,  pp.  48-52, 
Washington,  1874.  Abstract  in  Am.  Jour.  Sei.,  3d  ser., 
veil.  9,  p.  328,  1875. 

- The  recency  of  certain  volcanoes  of  the  western 

United  States:  Am.  Assoc.  Proe.,  vol.  23,  pi.  2,  pp. 
29-32,  1875. 

- - Report  on  the  geology  of  portions  of  Nevada,  Utah, 

California,  and  Artsona  in  1871  and  1872*.  U.  S.Geog, 
and  Geol.  Surveys  W.  100!h  Mer.  Rept.,  vol.  3,  pp. 
17-187,  196,1875.  Abstract  in  Am.  Naturalist,  vol.  10, 
pp.  498-499,  1876. 

- On  the  outlet. of  the  Great  Salt  Lake:  Am.  Jour. 

Sei.,  3d  ser.,  vol.  11,  pp.  228-229,  1876. 

■ - The  Colorado  plateau  province  as  a  field  for  geo¬ 

logical  study:  Am.  Jour.  Sei.,  3d  ser.,  vol.  12,  pp. 
16-24,  85-103, 1870.  Abstract  in  Am.  Assoc.  Proc.,  | 
veil.  23,  pp.  32-35,  pt.  2,  1875. 

- Lake  Bonneville:  Abstracts  in  Philos.  Soc.  Wash¬ 
ington  Bull.,  vol,  2.  p.  103,  1677;  Am.  Naturalist 
vol.  11,  p.  445,  1877. 

-  Report  on  the  geology  of  the  Henry  Mountains, 

x,  160  pp.,  U.  S.  Gcog.  and  Geol.  Survey  Rocky 
Mtn.  Region,  1877. 

'  Geological  investigations  in  the  Henry  Moun¬ 
tains  of  Utah:  Abstract  in  Ain.  Naturalist,  vol  11 
p.  447,  1377.  '  ' 

[Report  on  work  in  ITenry  Mountains  and  on  his¬ 
tory  of  Lake  Bonneville]:  U.  S.  Geol.  and  Geoff. 
Survey  Rocky  Mtn.  Region  Rept.,  pp.  5-6, 17,  1377 
Abstract  in  Am.  Jour.  Sci.,  3d  scr.,  vol,  15,  pp.  351-353, 


_  . .  ui  "real  salt  Lake:  Am  J 

Sci.,  3d  ser.,  vol.  15,  pp.  256-259,  1878.  R©vie 
by  A.  C.  Pcale,  pp.  439-144, 

—  The  outlet  of  Lake  Bonneville:  Am.  Jour.  { 
3d  ser.,  vol.  19,  pp.  3-11-349,  1880. 

~  Relations  of  Permian  bods  to  Aubrey  limesti 
l^lulos.  Soc.  Washington  Bull.,  vol.  3,  pp.  105- 

—  Report  of  division  oi  the  Great  Basin;  U.  S.  G 
Survey  First  Ami.  Rept.,  pp.  2:1-23,  \m. 

— -  I  ho  Wasatch,  a  growing  mountain:  Philos  1 

vro  T"  ,n""  "  V0L  2’  P-  19C-  >«»•  Remark, 
Antisell,  p.  19C, 


J  Gi:.iiekt.  G.  K.,  On  the  origin  oi  jointed  structure:  Am. 
Jour.  Sci.,  3d  ser.,  vol.  24,  pp.  59-53,  18S2.  Abstract 
in  Ain.  Naturalist,  vol.  16,  p.  831,  1882. 

- Contributions  to  the  history  of  Lake  BouneviUc 

U.  S.  Geol.  Survey  Second  Ann.  Kept.,  pp.  107-200, 
1832.  Abstracts  in  Am.  Naturalist,  vol.  13,  pp.  40 1-402, 
pis.;  Science,  vol.  1,  p.  570,  1883;  Am.  Jour.  Sci.,  3d 
ser.,  vol.  26,  pp.  150-151,  1883;  Sci.  Am.  Supp.,  vol, 
18,  no.  450,  p.  71S7,  1S84. 

- Postglacial  joints:  Am.  Jour.  Sci.,  3d  eur.,  voi. 

23,  pp.  25-27,  1882. 

- Reporlun  work  in  Great  Basin:  U.  S.  Geol.  Survey 

Second  Ann.  Rept.,  pp.  167-200,  1882.  Abstracts  in 
Am.  Naturalist,  vcl.  18,  pp.  401-402,  pis.;  Science, 
vol.  1,  p.  570,  1833;  Am.  Jour.  Sci.,  3d  ser.,  vol.  26, 
pp.  150-151,  1883;  Sci.  Am.  Suppl.,  vol.  18,  no.  450, 
p.  7187,  1881. 

- - Pre-Bonneville  climate:  Science,  vol.  2,  p.  170, 

1883. 

- Report  on  work  iu  Great  Basin ;  U.  S.  Geol.  Survey 

Third  Arm.  Rept  ,  pp.  14-1G,  pi.,  1S83. 

- Faults  and  earthquakes  in  Great  Basin  region: 

Science,  vol.  2,  pp.  580-581,  1833.  Salt  Lake  Weekly 
Tribune,  Sept.  20, 18S3.  Abstract  iu  Am.  Naturalist, 
vol.  17,  p.  1158,  1883. 

- - Ripple  marks:  Science,  vol.  3,  pp.  375-376,  1884. 

- - -  A  theory  of  th©  earthquakes  of  the  Great  Basin, 

with  a  practical  application:  Am.  Jour.  Sci.,  3d  ser., 
vol.  27,  pp.  49-53, 1884. 

—  Report  of  op^  ration  a  in  Great  Busin:  U.  S.  Geol. 
Survey  Fifth  Ann.  Rept.,  pp.  30-34,  1885. 

- The  topographic  features  of  lake  shores:  U.  S.  Geol. 

Survey  Fifth  Ann.  Rept.,  pp.  69-123, 1883.  Abstracts 
in  Am.  Jour.  Sci.,  3d  ser.,  vol.  31,  p.  402,  18S6;  Am. 
Naturalist,  vol.  20,  pp.  620-628,  pis.,  1886. 

Introductory  skotch  of  th©  Quaternary  lakes  of  the 
Great  Basin,  in  Call,  R.  E.,  On  tho  Quaternary 
[Pleistocene]  and  Recent  Mollusc*  of  fhc  Great  Basin: 
U.  S.  Geol.  Survey  Bull.  11,  pp.  363-366,  map,  1885. 

- Tho  strength  of  the  earth’s  crust:  Geol.  Soc. 

America  Bull.,  vol.  1,  pp.  23-24  ,  2G,  27,  1390.  Dis¬ 
cussed  by  A,  Winchell,  Robert  Hay,  J.  J.  Stevenson, 
and  J.  C.  Branner,  pp.  25-27.  Abstracts  in  Am.  Nat¬ 
uralist,  vol.  24,  pp.  109,  407-170,  1890. 

Lake  Bonneville:  U.  S.  Geol.  Survey  Mon.  1,  x.v, 
438  pp.,  61  pis.,  map,  1890.  Abstracts  in  Am,  Geolo¬ 
gist,  vol.  7,  pp.  132-134,  1891;  Am.  Jour.  Sei.,  3d 
ser.,  vol.  41,  pp.  327-329, 1891. 

Includes  Appendix  A,  ou  altitudes  aud  their  deter¬ 
mination,  by  A.  L.  Webster;  B,  on  the  deformation 
of  the  geoid  by  the  removal,  through  evaporation,  of 
tho  water  of  Lake  Bonneville,  by  R.  S.  Woodward; 
and  C,  on  the  elevation  of  tho  surface  of  the  Bonne¬ 
ville  Ba-iu  by  expansion  due  to  change  of  climate, 
by  R.  S.  Woodward. 

-  I  tah:  Macfarlaue,  James,  An  American  geological  ■ 
railway  guide,. 2d  ed.,  pp.  3l:)-315, 1890. 

—  Great  Salt  Lake  Valley,  and  itinerary,  Salt  Lake 
City  to  Spanish  Fork  Canyon,  Utah:  Cong.  g&l. 
intermit  5th  se®.,  Compr.  rend.,  pp.  391-397,  1893. 
Describes  the  geologic  history  of  Great  Salt.  Lake 
alley  and  the  local  geology  along  tho  railroad  to 
Spanish  Fork  Canyon. 
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Gilbert,  G.  K.,  Great  Salt  Lake  and  Lake  Bonneville; 
fault  scarp*;  itinerary,  rocatollo,  Idaho,  lo  Stilt  Lake 
City,  Utah:  Cong.  gfiol.  internal.,  5th  was.,  Compt. 
rend.,  pp.  374-380,  1893. 

Describes  the  geologic  history  of  Lako  Bonneville, 
the  fault  scarps  of  the  mountains  of  the  Great  Basin, 
and  the  geology  along  the  railroad  from  Pocatello  to 
Salt  Lake  City. 

- On  some  joint  veins:  Abstract  in  Science,  new  per., 

vol.  15,  pp.  84-85,  1902. 

- A  highly  viscous  eruption  of  rhyolite:  Abstract  in 

Science,  newser.,  vol.  17,  p.  221,  1903. 

- Joint  veins:  Abstract  in  Gcal.  Soc.  America  Bull., 

vol.  >13,  pp.  521-522,  1903. 

Contains  brief  note  on  joint  structures  in  the  House 
IUmge,  Utah. 

Gilbert,  G.  K.,  and  IIowki.i,,  E.  E.,  Restored  outline 
of  Lako  Bonneville:  U.  S.  Ceog.  Surveys  W.  100th 
Mer.,  Geol.  Atlas,  1876. 

Gilbert,  G.  K.,  Marine,  A.  R.,  and  Howkli,  E.  E., 
Parts  of  eastern  California,  southeastern  Nevada, 
northwestern  Arizona,  and  southwestern  Utah  (No. 
66);  southern  find  southwestern  Utah  (No.  59);  central 
and  western  Utah  (No.  50);  parts  of  northern  and 
northwestern  Arizona  and  southern  Utah  (No.  (17); 
parts  of  eastern  Arizona  and  western  New  Mexico 
(No.  76);  parts  of  Colorado  and  New  Mexico  (parts  of 
Nos.  G9,  77.  7S);  U.  S.  Gcog.  Surveys  W.  100th  Mer., 
Geol.  Atlas,  1876. 

Gilmore,  C.  W.,  Description  of  n  new  species  of  tortoise 
from  the  Jurassic  of  Utah  (Glyptc-pa  'Uahcnsis):  Car¬ 
negie  Mus.  Annals,  vol.  10,  Nos.  1-2,  pp.  7-12,  2  pis., 
2  figs.,  January,  1916. 

The  fossil  turtles  of  the  Uinta  formation:  Carnegie 
Mils.  Mem.,  vol.  7,  No.  2,  pp.  101-161,  10  pis.  22 
figs.,  November.  1916. 

Gikty,  G.  H.,  Paleontology  of  the  Bingham  mining  dis¬ 
trict,  Utah:  U.  S.  Geol.  Survey  Prof.  Paper  38,  pp. 
387-393,  1905. 

Gives  notes  upon  the  occurrence  and  lists  of  fossils 
identified  in  collections  there  made. 

- New  species  of  fossils  from  the  Thaynes  limestone 

of  Utah:  New  York  Acad.  Sci.  Annals,  vol.  20,  pt.  2, 
pp.  239-212,  1910. 

- The  fauna  of  the  phosphate  beds  of  the  Park  City 

formation  in  Idaho,  Wyoming,  and  Utah:  U.  S.  Geol. 
Survey  Bull.  436,  82  pp.,  7  pis..  1910. 

Goldtiiwait,  J*.  W . ,  See  Huntington  and  Goldthwnit. 

Gow,  P.  A.,  and  others,  Report  on  the  property  of  the 
Daly-Judgo  Mining  Company,  Park  City,  Utah 
Colorado  Sehoolof  Mines  Bull.,  vol.  4,  no.  1,  pp.  31-70, 
15  figs.,  1907. 

Includes  an  account  of  the  local  geology  and  the 
occurrence,  character,  and  relations  of  the  lead-silvor 
ores. 

- The  Daly-Judge  mine  and  mill.  Park  City,  Utah: 

Mines  and  Minerals,  vol.  28,  pp.  32-35,  79-82,  11  fig*-, 
1907. 

Deacrilrcs  the  local  geology  and  tho  character  and 
occurrence  of  the  lead-silver  ores. 

Gregory,  H.  E.,  Some  features  of  the  geology  of  the 
Natujo  Reservation  (Arizona-Utah):  Abstract  in 
Science,  new  ser.,  vol.  32,  p.  62,  July  8,  1910. 


Gregory,  n.  E.,  The  Shinarump  conglomerate  Am.  Jour. 
Sri..  4!h  ser.,  vol.  35,  pp.  424-128,  1913. 

- Tho  igneous  origin  of  (he  “glacial  deposits’’  on  the 

Navajo  Reservation,  Arizona  and  Utah:  Am.  Jour. 
Sci.,  4th  ser.,  vol.  40.  pp.  97-115,  8  figs,  (inch  map), 
1915. 

- The  San  Juan  oil  field,  San  Juan  County,  Utah: 

U.  S.  Geol.  Survey  Bull.  431,  pp.  11-25,  1  fig.’,  1911. 

- The  Navajo  country;  a  geographic  and  hydro¬ 
graphic  reconnaissance  of  parts  of  Arizona,  New 
Mexico,  and  Utah:  U.  S,  Geol.  Survey  Water-Supply 
Paper  3S0,  219  pp.,  29  pis.  (incl.  maps),  29  figs.,  1916. 

- Gurnet  deposits  on  the  Navajo  Reservation, 

Ariz.  and  Utah:  Econ.  Geology,  vol.  11,  No,  3,  pp. 
223-230,  1  fig..  April-May,  191G. 

- Geology'  of  tho  Navajo  country;  a  reconnai««nce 

of  pans  of  Arizona,  New  Mexico,  and  Utah:  U.  S. 
Geol.  Survey  Prof.  Paper  93,  161  pp.,  34  pis.  (incl. 
maps),  3  figs.,  1917. 

Gregory,  W.  K,,  Notes  on  tho  upper  Eocene  tilanolheroid 
TdmaOicriuinl  irirmvum  Douglass  from  the  Uinta 
basin:  Science,  newser.,  vol.  35,  p.  546,  1912. 

Proposes  for  this  species  the  new  generic  name 
S'hmodertn. 

Hague,  Arnold,  Wyoming,  Utah,  Nevada,  and  Idaho,  in 
Macfiirlaiie,  James,  An  American  geological  railway 
guide,  2d  ed.,  pp.  309-315,  1890. 

Hague,  Arnold,  and  Emmons,  S.  F,,  Descriptive  geology: 
U.  S.  Geol.  Expl.  -tilth  Par.,  vol.  2  .  890  pp.,  25  pis., 
1877.  Alv-tract  in  Am.  Jour.  Sci.,  3d  ser.,  vol.  16,  pp. 
234-236,  1S77. 

IIall,  James,  Geology  and  paleontology:  Exploration  and 
survey  of  the  valley  of  the  Great  Salt  Lake  of  Utah, 
by  Howard  Stansbury,  special  seas.,  Mar  ,  1851,  S. 
I-ix.  Doc.  3,  pp.  -101—10(5,  Philadelphia,  1852.  Ab¬ 
stract  in  Am.  Jour.  Sci.,  2d  ser.,  vol.  13,  pp.  126-128, 
1852. 

- Paleontology  (of  New  York),  vol.  3,  containing 

descriptions  and  figures  of  tho  organic  remains  of  the 
lower  Heldcrberg  group  and  the  Oriskany  sandstone, 
1855-1859  (with  volumeof  120  pis.,  1861),  xii,  523  pp., 
1859. 

- Description  oi  new  species  of  fossils  from  the 

Carboniferous  limestone  of  Indiana  and  Illinois: 
Albany  Inst.  Trans.,  vol.  4,  pp.  1-36,  1864. 

Hall,  James, nud  Whitfield,  R.  P.,  U.  S.Geol.  Expl<  40th 
Par.,  vol.  4,  pp.  199-20-1, 1877. 

Hannibal,  Harold.  A  synopsis  of  the  recent  and  Tertiary 
fresh  water  Mollusca  of  the  Californian  province, 
based  upon  an  ontogenetic  classification:  Mnlacotogi- 
eal  Soc.  Proc.,  vol.  10.  pp.  112-1G6,  1C7-211,  1912. 

Harder,  E.  C.  See  Leith  and  Harder. 

Harrington,  Daniel.  Coal  mining  at  Sunnyside,  Utah: 
Colorado  School  of  Mines  Bull.,  vol.  1,  pp.  22<— 235, 
1901. 

Describes  the  general  geology,  the  occurrence  of  the 
coal  in  the  Laramie  formation,  and  the  mining  oper¬ 
ations. 

Hayden,  F.  V.,  Explanations  of  a  second  edition  of  a 
geological  map  of  Nebraska  and  Kansas  Acad.  Nat. 
Sci.  Philadelphia  Proc.,  vol.  10,  pp.  139-158,  map, 
1659,  Abstract  in  Am.  Jour.  Sci. ,  2d  ser. .  vol.  26.  pp. 
276-278,  1S58;  map  in  black  in  Peterman  ns  Mitt.,  vol. 
6,  p.  53, 1860. 
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Hayden,  F.  V.,  Notes  on  the  geology  of  Nebraska  and 
Utah  Territory:  Am.  Jour.  Sci.,  2d  ser,  vol.  29,  pp 
433-434,  I860. 

_ The  primordial  sandstone  of  the  Rocky  Mountains 

in  the  Northwestern  Territories  of  the  United  States: 
Am.  Jour.  Sci.,  2d  ser.,  vol.  33.  pp.  63-79,  1962  Ca¬ 
nadian  Join-.,  new  ser.,  vol.  7,  pp.  149-151,  1332. 

_ Sun  pictures  of  Rocky  Mmintain  scenery,  with  a 

description  of  the  geographical  mid  geologiral  ma¬ 
tures  and  some  accounts  of  the  resources  of  lb®  great 
West,  pp.  1-135,  30  pie.,  1370.  Abstracts  in  An.  Jour. 
Sci.,  2d  ser.,  vol.  50,  pp.  125-127. 1870. 

- On  the  geography  of  tho  Missouri  Valley:  U.  S. 

Geol.  Survey  Terr.  Second  Ann.  Repl  ,  pp.  83-188, 
1872.  Abstract  in  Am.  Naturalist,  vol.  S.  pp  837  1. 10. 
1871. 

- [General  report]:  U.  S.  Geol  Survey  Terr.  Fifth 

Ann.  Rept...  pp.  11-164,  pis.,  1872. 

- Profiles,  sections,  and  other  illustrations  designed 

to  aecompany  the  final  report  of  the  chief  geologist 
of  the  survey,  and  sketched  under  his  direction  by 
II.  W.  Elliot:  U.  S.  Geol.  Survey  Terr.  Filth  Ann. 
Frelim.  Rept.,  63 pis.,  1S72. 

• — - -  Prefatory  note  [on  age  of  lignitic  group]:  U.  S. 

Geol.  and  Gcog.  Survey  Terr.  Bull,,  vol.  1  [1st  ser.], 
No.  2,  pp.  1-2,  1S74. 

- Preliminary  report  of  the  field  work:  U.  S.  Geol, 

and  Geog.  Survey  Terr.  Tenth  Ann.  Rept.,  pp.  16-21, 
1978. 

- - -  letter  [to  the  Secretary  cu  general  results]:  U.  S. 

Geol.  and  Geog.  Survey  Terr.  Tenth  Ann.  Rept.,  pp. 
xiii-xxix,  1878. 

- —  The  Great  West;  its  attractions  oud  resources,  con¬ 
taining  a  popular  description  of  the  marvelous  scen¬ 
ery,  physical  geography,  fossils,  and  glaciers  of  this  won¬ 
derful  region,  and  the.  recent  explorations  in  the  Yel¬ 
lowstone  Park,  the  wonderland  of  America,  87  pp., 
lllooniiugton,  Ill.,  mid  Philadelphia,  Pa.,  1880. 

• - Geological  and  geographical  atlas  of  Colorado  and 

portions  of  adjacent  territory:  U.  S.  Geol.  and  Geog. 
Survey  Terr.,  1881.  Detailed  geologic  sheets,  by 
Eudlich,  \V.  H.  Holmes,  Pealc,  Mar  vine,  and  C.  A. 
White. 

Headokn,  \V.  P.,  Miners  logical  notes,  No.  2:  Colorado 
Sci.  Soc.  Proc.,  vol,  S,  pp.  53-70,  1005.. 

Describes  the  characters  and  composition  of  minerals 
from  various  localities. 

- Mineralogical  notes.  No,  3'  Colorado  Sci.  Soc. 

Proc.,  vol.  8,  pp.  167-182,  190(1. 

Describes  phosphorescent  xinc  blendes  from  Utah. 

IIkikrs,  V.  Relative  production  in  Utah  in  1908  and 
1C.O0,  by  clones  of  ore  deposits:  U.  S.  Geol.  Survey 
Miueral  Resources,  1909,  pt.  I,  p.  458,  1911. 

Gold,  silver,  copper,  lead,  and  nine  in  Utah,  1902 
to  1917:  U.  S.  Geol.  Survey,  Mineral  Resources. 

riBsa,  F.  L.,  Some  molybdenum  deposits  oi  Maine,  Utah, 
and  California:  U.  S.  Geol.  Survey  Bull.  340,  pp  231- 
240, 1908. 

- Carnotite  near  Green  River,  Utah:  U.  S.  Geol 

Survey  Bull.  530,  pp.  161-164,  1913. 

- A  sulphur  deposit  in  the  San  Rafael  Canyon, 

Utah:  U,  S.  Geol.  Survey  Bull.  530,  pp.  347-349,  1913. 


Hess,  F.  L.,  A  hypothesis  for  Che  origin  of  the  carnotites 
of  Colorado  and  Utah:  Gcon.  Geology,  vol  9,  no.  7,pp. 
G75-0SB,  October,  1914.  Abstract  in  Washington  Acad. 
Sci.  Jour.,  vol.  4,  No.  9,  p.  236,  1914. 

Hess,  F.  L.,  and  Schiller,  W.  T.,  Pintadoitc  and  liva- 
nite,  two  new  vanadium  minerals  fiotn  Utah:  Wash¬ 
ington  Acad.  Sci.  Jour.,  vol.  4,  No.  20,  pp.  576-579, 
1914. 

Higgins,  W.  C.,  Tho  Century  and  the  Susannah  mines, 
Golden,  Utah:  Salt  Lake  Min.  Rev.,  vnl,  11,  No.  15, 
pp.  19-22,  4  figs.,  1909, 

Include*  notes  on  the  local  geology  and  the  occur¬ 
rence  of  the  gold  ore. 

-  Napolcon-Mtighera  mines  in  Sierra  Mad  re  Moun¬ 
tains,  Box  Elder  County,  Utah:  Salt  Lake  Min.  Rev., 
vol.  II,  No.  14,  pp.  19-23,  7  figs.,  1909. 

Includes  notes  on  the  local  geology  and  the  ore 
deposits  producing  copper,  gold,  and  silver. 

- The  Sevier  Consolidated  mine  of  Gold  Mountain, 

Piute  County,  Utah:  Salt  Lake  Min.  Rev.,  vol.  11, 
No.  3,  pp.  13-18,  5  figs.,  1000. 

Includes  a  short  account  of  the  local  geology  and 
the  character  and  occurrence  of  the  gold  ores. 

- The  Union  Chief  and  Santaquin  mines,  Utah: 

Salt  Lake  Min.  Rev.,  vol.  14,  No.  10,  pp.  11-IG, 
9  tigs.,  1912. 

Includes  notes  on  tho  local  geology  and  the  occur¬ 
rence  and  character  of  the  iron-lead-silver  ores. 

- The  American  Ozokerite  Co.:  Utah  State  Inspector 

of  Mines  Eighth  Bicn.  Rept.,  1911-1912,  pp.  130-141, 
5  pis.,  1913. 

Includes  notes  on  the  occurrence  of  ozokerite  near 
Colton,  Utah. 

Hill,  J.  M.,  The  zinc-lead  deposits  of  the  Yellow  Pine 
district,  Nev.:  Abstract  in  Washington  Acad.  Sei. 
Jour.,  vol.  3,  No.  8,  pp.  238-239,  1913. 

- Notes  on  tho  northern  La  Sal  Mountains,  Grand 

County,  Utah:  U.  S.  Geol.  Survey  Bull.  530,  pp.  99- 
118,  1913. 

Hill,  R.  T.(  The  Permian  rocks  of  Texas:  Science, 
vol.  13,  p.  92,  18S9. 

IIilledrand,  W.  F-,  Red  beryl  from  Utah:  Am.  Jour. 
Sci.,  4th  ser.,  vol.  19,  pp.  330-331,  1905. 

HiLLEuriANn,  W.  F.,  aad  Merwin,  H.  E.,  Two  varieties 
of  calciovolborthite  (7)  from  eastern  Utah:  Am. 
Jour.  Sei.,  4th  ser.,  vol.  35,  pp.  441-145,  April,  1913. 
Washington  Acad.  Sci.  Jour.,  vol.  3,  No.  5,  p.  138, 
-Mar.  4,  1913;  abstract,  vol,  3,  No.  20,  p.  503,  1913. 
Zeitechr.  Kryat.  Min.,  Band  53,  Heft  t,  pp.  4-9, 1913. 

Hellehrand,  W.  J.,  and  Wright,  F.  B.,  A  new  occur¬ 
rence  of  plumhojarosite:  Am.  Jour.  Sci.,  4th  ser.,  vol. 
30,  pp.  191-192,  1910. 

Describes  tho  composition  and  crystallographic 
and  optical  properties  of  plumbojarosiie  from  L' tah . 

Hilled  rand,  W.  F.,  Wright,  F.  E.,  and  Merwin,  II.  E., 
Calcium  vanadates  from  Peru,  Colorado,  and  Utah: 
Washington  Acad.  Sci.  Jour.,  vol.  3,  No.  6,  pp.  157- 
158,  1913. 

Hewettite,  metuhewettito,  and  puscoite,  hydrous 
calcium  vanadate*:  Ant.  Philcs.  Soc.  Proc.,  vol.  53, 
pp.  21-54,  2  figs.,  1914. 

Hills,  R.  ('.,  Orographic  and  structural  features  of  Rocky 
-Mountain  geology:  Colorado  Sci.  Soc.  Proc.,  vol.  3, 
pp.  362-158,  pi,,  1891. 
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Dius,  R.  C..  Types  of  past  eruptions  in  the  Rocky  Moun- 
Utins:  Colorado  Sci.  Soc.  Proc,  vol  4,  pp.  14-32,  1891., 

Includes  brief  remarks  on  the  pre-Tertiary  and 
Oenozoic  eruptions  in  this  region.  Ascribes  the 
Sangre  de  Cristo,  Henry,  and  la  Plata  mountains 
and  the  Spanish  Peaks  to  intrusive  liodies,  and  the 
San  3 nan  .Mountains,  the  Win  to  River  Plateau, 
Raton  and  Uinkaret  noun  tains,  and  Mount  Taylor 
to  extrusive  bodies.  Gives  a  table  of  the  intrusive, 
extrusive,  and  tufaeeous  roe’s?,  and  describes  briefly 
their  distribution. 

- Ore  deposits  of  Gamp  Floyd  district,  Tooele 

County,  Utah:  Colorado  Sci.  Soc.  Proc.,  vol.  5, 
pp.  54-65,  2  figs.,  1898. 

Describes  the  geologic  features  of  the  region  and 
the  mode  of  occurrence  and  character  of  the  gold  ores 
and  discusses  their  origin. 

Hintze,  F.  F.,  Jr.,  A  contribution  to  the  geology  of  the 
Wasatch  Mountains,  Utah:  New  York  Acad.  Sci, 
Annals,  vol.  23,  pp.  85-143,  6  pis.,  5  figs.,  11)13. 

Bitchcock,  C.  hi.,  Geological  map  of  the  United  States 
and  part  of  Canada:  Ain.  Inst.  Miu.  Eng.  Trans., 
map  17  by  27  inches  and  explanation,  vol.  15,  pp.  465- 
488,  1887. 

Compiled  to  illustrate  the  scheme  of  coloration 
and  nomenclature  recommended  by  the  Inter¬ 
national  Geological  Congress. 

Hitchcock,  0.  H.,  and  Blake,  W.  P.,  Geological  map 
of  the  United  States,  in  Raymond,  R.  W.,  Statistics  of 
mines  and  mining  iu  the  States  and  Territories  west 
of  the  Rocky  Mountains  for  1872,  pp.  180-184,  1873; 
Walker,  F.  A.,  Statistical  atlas  of  the  United  States, 
hased  on  results  of  the  Ninth  Census,  1870,  pis.  13, 
14,  1874.  Petermarm'a  Mitt.,  vol.  21,  pi.  16,  1875. 
Special  rep.  Smithsonian  Inst,  for  Centennial,  1876. 
Gray,  — ,  Atlas  of  the  United  States  aud  the  world, 
Philadelphia,  1877.  Reproduced  (probably)  by  F. 
Rat/.el,  “Die  Vereinigten  Staaten  von  Nord-Amer- 
ika,”  vol.  1,  MUnchen,  1878. 

Hodob,  J.  T.,  On  the  Tertiary  coals  of  the  West:  U.  S. 
Gcol.  Survey  Torr.  [Fourth  Ann.)  Prelim.  Rept., 
pt.  4,  No.  2,  pp.  318-329,  1872. 

Holland,  W.  J.,  A  new  species  of  Apatosaurus  (near  Jensen, 
Utah):  Carnegie  Mus,  Annals,  vol.  10,  Nos.  1-2,  pp. 
143-145,  January,  1910. 

Hollister,  0.  J.,  Gold  and  silver  mining  in  Utah:  Am. 
Inst.  Min.  Eng.  Trans.,  vol.  16,  pp.  3-18,  1887. 

HoWiUid,  L.  0.,  The  development  of  our  radium-bearing 
ores:  Assoc.  Eng.  Soc.  Jour.,  vol.  52,  No.  4,  pp.  185- 
216,  map,  8  figs.,  1911. 

- Geology  of  the  Cottouwcod  districts  (Utah):  Min. 

and  Sci.  Press,  vol.  112,  pp.  557-562,  2 figs.,  Apr.  15, 
1916. 

Howell,  E.  E.,  Report  on  the  geology  ol  portions  oi 
Utah,  Nevada,  Arizona,  and  New  .Mexico,  exam¬ 
ined  in  1872  and  1S73:  U.  S.  Geog.  and  Geol.  Sur¬ 
veys  W.  100th  Mer.  Final  Rept.,  vol.  3,  pp.  227-301, 
1875. 

See  also  Gilbert  and  Howell. 

Hunt,  T.  S.,  Mineral  physiology  and  physiography,  a 
second  aeries  of  chemical  and  geological  essays,  xvii, 
710  pp.,  Boston,  1886.  Review  in  Am.  Geologist,  vol. 
8,  pp.  110-114,  1886. 


Hunt,  W.  F.  See  Van  Horn  and  Hunt  . 

Huntington,  Ellsworth,  .Some  characteristics  of  the 
glacial  period  in  nongiaciated  regions:  Geol.  Soc. 
America  Bull.,  vol.  18.  pp.  351-388,  9  pla..  16  figs., 
1917. 

Includes  a  discussion  of  the  mtido  ol  formation  of 
the  Moeneopte  formation  of  Utah. 

Huntington,  Ellsworth,  and  Golothwajt,  J.  W..  The 
Hurricane  fault  iri  southwestern  Utah:  Jour.  Geol¬ 
ogy,  vol.  11.  pp,  46-08,  Iftftgs  ,  1903. 

Gives  a  tabic  showing  the  succession  of  formations 
in  the  region,  describes  physiographic,  features,  and 
outlines  geologic  history. 

- Tire  Hurricane  fault  in  the  Tot|uorvillo  district., 

Utah:  Harvard  Coll.  Mua,  Comp.  Zool.  Bull.,  vol. 
42 (Geol.  Ser.,  vol.  6),  pp.  l90-23»,7  pis.,  U  tigs..  1904. 

Describes  geographic  and  physiographic  features  of 
the  region,  the  character  and  occurrence  oi  the  geo¬ 
logic  formations,  the  geologic  history  (deposition, 
uplift,  foldiug,  faulting,  erosion,  and  volcaniatn),  and 
the  occurrence  and  effects  of  lava  flows. 

Huntley,  D.  B.,  The  mining  industries  of  Utah:  Tenth 
Census  IT.  S.,  vol.  13,  statistics  and  technology  of  the 
precious  metals,  pp.  405—189,  1885. 

Iddings,  J.  r.,  nud  Cross,  Whitman,  On  the  wide¬ 
spread  occurrence  of  allanite  aa  an  accessory  con¬ 
stituent  of  many  rocks:  Am.  Jour.  Sci.,  3d  sor.,  vol. 
30,  pp.  108-111,  1S83.  Abstrac  t  in  Am.  Naturalist, 
vol.  19,  p.  1098,  1S85. 

J,NOAjj.s,  W.  11.,  Mining  the  porphyry  ore  of  Bingham, 
Utah:  Eng.  and  Min.  Jour.,  vol.  84,  pp.  431-440, 
1  pi.,  17  figs.,  1907. 

Includes  a  brier  account  oi  tho  geology  and  the 
occurrence  and  character  of  the  copper  ores. 

Irvixc,  J.  D.,  The  stratigraphies  1  relations  of  the  Browns 
Park  beds  oi  Utah:  New  York  Acad.  Sci.  Trans., 
vol.  15,  pp.  252-239,  pi.  18,  1896. 

Gives  a  brief  summary  of  previous  work  in  tbe 
Tertiary  strata  oi  Utah,  reviews  certain  descriptions 
of  the  Browns  Park  formation,  and  discusses  the 
evidences  as  to  its  geologic  age. 

Irving,  R.  D.,  and  Van  Hisk,  G.  R,,  Oit  secondary  en¬ 
largements  of  mineral  fragments  in  certain  rocks: 
U.  S.  Geol.  Survey  Bull.  8,  56  pp..  1883. 

James,  G.  D.,  The  San  Juan  oil  field  of  Utah:  Eng.  and 
Min.  Jour.,  vol.  42,  pp.  1082-1081,  3  figs.,  1911. 

Jefferson,  M.  S.  W.,  The  antecedent  Colorado:  Science, 
new  ser.,  vol.  6,  pp.  29:4-295,  1897. 

Discusses  the  origin  of  Colorado  River. 

Jennet,  W.  F.,  Tho  mineral  crest,  or  the  hydrostatic 
level  attained  by  the  ore-depositing  solutions,  in 
certain  mining  districts  of  tho  Great  Salt  Lake  Basin: 
Min.  and  Sci.  Press,  vol.  85,  p.  297,  1902.  Am. 
Inst.  Min  Eng.  Trans.,  vol.  33,  pp.  46-50,  1003. 

- -  The  ore  deposits  of  the  Ontario  mineral  belt, 

Utah:  Min.  and  Sci.  Press,  vol.  92,  pp.  108-109  ,  2 
tigs.,  1908. 

Discusses  the  occurrenco  and  origin  of  ore  deposits. 

- The  fissure  system  of  the  Ontario  mineral  belt, 

Utah:  Min.  aud  Sci.  Press,  vol.  92,  pp.  24-25,  3  figB.. 
1906. 
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Jbnney  W  P.,  Structural  matures  of  the  Otario  mineral 
‘  belt,  Park  City,  Utah:  Min.  and  Sci.  Press,  vol.  92, 
pp.  6-7,  1  tig.,  1906. 

Describes  the  stratigraphy  and  the  relations  of  the 
ore-bearing  veins. 

Jennings,  E.  P„  Origin  of  tho  magnetic  iron  ores  oi  Iron 
Count)*,  Utah:  Am.  Inst.  Min.  Eng  Trans  ,  vol.  35. 
pp.  338-312,  2  figs.,  1905. 

Describes  the  occurrence  and  character  of  the 
magnetic  iron-ore  deposits  and  discusses  their  origin, 

Jensen,  Joseph,  and  others,  Some  salient  features  of  the 
geology  of  Newhouse,  Utah,  and  vicinity,  36  pp., 
1908. 

Describes  tho  stratigraphy  and  structural  features 
of  the  region,  tho  petrographic  characters  of  the 
igneous  and  mctamorphic  rocks,  and  the  occurrence 
and  relations  of  silver-lead,  copper,  and  iron  ores. 

Jessup,  D.  V,  Tho  Lakeview  mine  (Box  Elder  County), 
Utah:  Eng.  and  Min.  Jour.,  vot.  102,  No.  1-1,  pp. 
573-67G,  3  figs.,  Sept-  30, 1916. 

Johnson,  D.  W,  Report  on  the  geological  excursion 
through  New  Mexiro,  Arizona,  and  Utah,  summer  of 
1906:  Tech.  Quart.,  vol.  19,  no.  4,  pp.  408-415,  1906. 

Includes  notes  on  physiographic  features  of  the 
region  examine*!. 

Jones.  A.  J.,  Topaz  crystals  of  Thomas  Mountain,  Utah: 
Iowa  Acad.  Sci.  Proc,  vol.  2,  pp.  175-177,  1895. 

Describes  tho  occurrenca  of  the  crystals  and  dis¬ 
cusses  briefly  their  origin. 

Jones,  C.  C,,  Phosphate  rock  in  Utah,  Idaho,  and 
Wyoming:  Eng.  and  Min.  Jour.,  vol.  S3,  pp.  053-955, 
6  figs.,  May  18,  1907. 

- The  discovery  and  opening  of  a  new  phosphate 

field  in  the  United  States:  Am.  Inst.  MLn.  Eng.  Bull. 
82,  pp,  2111-2-135.  13  figs.,  October,  1913. 

Describes  phosphate  deposits  in  northeastern  Utah , 
southeastern  Idaho,  and  western  Wyoming. 

Jones,  T.  R.,  On  some  fossil  Ostracoda  from  southwest 
Wyoming  and  from  Utah:  Geol.  Mag.,  decade  3,  vol. 
10,  pp.  385-391, 1893. 

Describes  some  species  from  tho  Cretaceous  of 
Wyoming  and  Utah, 

Jones,  W.  A.,  Report  of  a  survey  and  exploration  in  the 
Uinta  Mountains,  Utah:  IT.  S.  Army  Chief  of  Engi¬ 
neers  Report  for  1872,  pp.  1L0S— 1118,  Appendix  AA, 
1873. 

Kkck,  Rudolf,  The  genesis  of  ore  deposits:  Eng.  and 
Min.  Jour.,  vol.  35,  pp.  3-4,  1883. 

Keei1,  G.A,  iSreGansl and  Keep. 

Keith,  Arthur,  Economic  geology  oi  the  Bingham  mining 
district,  Ulah:  U.  S.  Geol.  Survey  Prof.  Paper  38,  pp, 
27-70,  15  pis,  1905, 

Describes  tho  geography,  topography,  the  character, 
occurrence,  aud  relations  oi  Carboniferous  strata  and 
of  igneous,  rocks,  and  tho  geologic  structure  of  the 
region. 

Kiimf,  J.  ¥.,  Review  of  Tho  iron  ores  oi  tho  Iron  Springs 
district  in  southern  Utah,  by  O.  K.  Leith  and  E.  C. 
Harder  (U.  S.  Geol.  Survey  Bull.  33S):  Jour.  Geology 
vot.  4,  No.  S,  pp.  782-791,  1909. 

Keyes,  C.  R,  Climatic  index  of  Bcuneviilo  lake  beds: 
Science,  new  ser,  vol.  46,  pp.  139-140,  Aug.  10,  1917 ! 


Kbyes,  C.  R,  Orographic  origin  of  nncient  Lake  Bonne¬ 
ville:  Geol,  Soc.  America  Bull.,  vol.  23,  No.  2,  pp. 
351-374,  June  11,  1917.  Abstract  in  vol.  28,  no.  1,  p. 
16*1,  Mar.  31,  1917. 

Kindle,  E.  M,  Occurrence  oi  the  Silurian  fauna  in  west¬ 
ern  America:  Am.  Jour.  Sri,  4th  ser,  vol.  25,  pp. 
125-129,  1908.  Abstract  in  Science,  new  ser,  vol.  27, 
p.  348, 1908. 

- Tho  fauna  and  stratigraphy  of  tho  Jefierson  lime¬ 
stone  in  the  northern  Rocky  Mountain  region:  Bull, 
Am.  Paleontology,  vol.  4,  no.  20,  39  pp,  4  pis,  190S. 

Paleozoic  and  associated  rocks  of  the  upper  Yukon, 
Alaska, 

King,  Clarence,  The  Green  River  coal  basin:  U.  S. 
Geol.  Expl.  40th  Par,  vol.  3,  pp.  11-96,  maps  in 
atlas,  1870. 

- Note  on  the  Uinta  and  Waeatch  ranges;  a  correc¬ 
tion:  Am.  Jour.  Sci,  3d  ser,  vol.  11,  p.  494,  1876. 

- Paleozoic  subdivisions  on  tho  fortieth  parallel:  Am. 

Jour.  Sci,  3d  ser,  vol.  11,  pp,  475-482,  1876. 

- Systematic  geology':  U,  S.  Geol.  Expl.  40th  Par, 

vol.  1,  803  pp,  40  pis,  atlas,  1878.  Review  in  Am. 
Jour.  Sci.,  3d  ecr,  vol.  17,  pp.  296-302,  1S79.  Alv- 
stractsin  Pop.  Sci.  Monthly,  vol.  15,  pp. 302-317, 1879. 
Am.  Jour.  Sci,  3d  ser,  Vol.  17,  pp.  170-175,  1879. 

ICrrniL,  IC.  L.  See  Moore  and  Kithil, 

Knkeland,  Samuel,  Notes  on  the  geology  along  tho 
Uuion  Pacific  Railroad:  Boston  Soc,  Nat.  Uist.  Proc, 
vol.  16.  pp.  375-376,  187-1. 

Knight.  W.  C,  The  Green  River,  Utah,  oil  field:  Salt 
Lake  Min.  Rev,  vol.  13,  No.  22,  pp.  11-11,  5  figs, 
1912. 

Includes  notes  oa  tho  geology  of  the  field. 

Knowwon,  F.  H,  Flora  of  the  Montana  formation:  U.  S. 
Geol,  Survey  Bull.  103,  pp.  1-77,  pla.  1-19,  1900. 

Discusses  the  flora  of  this  formation  front  Utah, 
Wyoming,  and  Montana,  and  describes  many  genera 
and  species.  Includes  notes  by  T.  W.  Stanton  on 
certain  plant-bearing  strata  along  Missouri  River. 

Ser  also  Stanton  and  Knowlton. 

Kchre,  K.  D„  Tungstenile,  a  new  mineral,  in  the  Cotton¬ 
woods  (Utah):  Salt  Lako  Min.  Rev,  vol.  19,  No.  18, 
pp.  23-24,  1  fig,,  Dec,  30,  1917. 

Kusz,  G.  F,  Precious  stones:  U.  S.  Geol.  Survey  Six¬ 
teenth  Ann.  Kept,  pt.  4,  pp.  695-605,  1895. 

Describes  occurrence  of  utahlite,  opal,  and  hyalite 
in  Utah, 

LaForof,  Laurence.  See  Pnlacho  and  LaForge. 

Lakes,  Arthur,  The  Oquirrh  Mountains  or  the  Mercur 
mining  district,  Utah:  Colliery  Eng,  vol.  16,  pp. 
243-245, 1896. 

Describes  the  geologic  features  of  the  region  and 
Ihe  occurrence  of  the  gold  and  silver  ores. 

Great  Salt  Lake  basin:  Mines  and  Minerals,  vol. 
23,  pp.  112-113,  2  figs,  1902. 

Describes  the  terrace®  which  mark  the  shore®  of 
the  ancient  lake  when  it  was  much  larger  than  it  ia 
now. 

Tho  Utah  coni  fields  of  the  Wasatch,  near  Grass 
Creek  and  Weber  Canyon:  Mines  aud  Minerals,  vol. 
27,  no.  12,  pp.  61-62,  2  figs,  1900. 

Describes  thick  veins  of  lignitic  coal  with  numerous 
faults. 
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Lakes,  Arthur,  The  natural  bridges  of  Utah:  Min.  World, 
vol.  26,  p.  595,  5  lige.,  1907. 

- Cause  of  fine  gold  in  San  Juan  River,  Utah:  Min. 

Reporter,  vcl.  56,  pp.  303-309,  1807. 

- Geology  and  economirs  of  Itio  San  Juan,  Utah 

Min.  World,  vol.  28.  pp.  761-762,  1  fig..  180S. 

Describes  the  geology  of  the  region  and  tin*  occur¬ 
rence  of  placer  gold. 

- The  Sun  Juan  oil  field,  Utah:  Min.  Sci  ,  vol.  Cl, 

pp.  <112—513,  2  figs,,  1810, 

Lavaonixo,  G.,  The  Old  Telegraph  mine,  Utah:  Am. 
Inst.  Min.  Eng.  Trans.,  vol.  16,  pp.  25-33,  1887. 

-  The  Old  Telegraph  mine,  Utah:  Min.  aud  Sci. 

Press,  vol.  78,  p.  588, 1888. 

Describes  the  occurrence  of  gold  and  silver. 

Lawson,  A.  C'.,  Section  of  the  Shinarump:  Abstract  in 
Geol.  Soc.  America  Bull.,  vol.  23,  No.  1,  p.  74,  1912. 

- The  gold  of  the  Shinarump  at  Faria,  Utah:  Econ. 

Geology,  vol.  8,  No.  5,  pp.  4 31 -44 8,  5  tigs.,  1913. 

Describes  stratigraphic  and  physiographic  features 
in  tho  vicinity,  of  Faria  and  discusses  the  gold  con¬ 
tent  of  the  Shinarump  clay. 

IjV.  Conte,  Joseph,  On  tho  structure  and  origin  of  moun¬ 
tains,  with  special  reference  to  recent  objections  to 
the  contmcticna!  theory:  Am.  Jour.  Sci.,  odscr.,  vol. 
18,  pp.  35-44,  1878. 

Lkdocx,  A.,  Aurichalcite  from  Big  Cottonwood  Canyon, 
Salt  Lake  County,  Utah:  Washington  Acad,  Sci. 
Jour.,  vol.  7,  No.  12,  pp.  3G1-365,  1  fig.,  June  19,  1917. 

Lee,  L.  A,,  A  peculiar  cave  in  Utah:  Am.  Naturalist, 
vol.  13,  pp.  460-162,  1S79. 

Lee,  W.  T.,  The  Iron  County  coal  field,  Utah:  U.  8. 
Geol.  Survey  Bull.  316,  pp.  359-375,  1  pi.,  1  tig  , 
1907. 

- The  Cove  Greek  sulphur  beds,  Utah:  U.  S.  Geol, 

Survey  Bull.  315,  pp.  485-489,  1907. 

-  Water  resources  of  Beaver  Valley,  Utah:  V.  S. 

Geol.  Survey  Water-Supply  Paper  217,  57  pp.,  1  pL, 
3  figs.,  1908.' 

Includes  an  account  of  tho  geology  of  the  region. 

Leith,  C.  K,,  Iron  ores  in  southern  Utah:  V.  S.  Geol. 
Survey  Bull.  225,  pp.  229-237, 1904. 

Describes  the  distribution,  geologic  relations,  and 
character  of  tho  iron  ores  and  discusses  their  origin. 

- Iron  ores  of  the  western  United  States  and  British 

Columbia:  U.  S.  Geol.  Survey  Bull.  2S6,  pp.  194-200, 
1906. 

Gives  a  summarized  account  of  tho  iron-oro  deposits 
of  Wyoming,  Washington,  British  Columbia,  Colo¬ 
rado,  California,  and  Utah. 

— - - Discussion  of  review  by  J.  F.  Kemp  of  paper  on 

iron  ores  of  Iron  Springs,  Utah:  Econ.  Geology,  vol. 
2,  pp.  1S8-I92,  1910. 

Leith,  C.  K.,  and  Harder,  E.  C.,  The  iron  ores  of  the 
Don  Springs  district,  southern  Utah:  U.  S.  Geol. 
Survey  Bull.  338,  102  pp.,  21  pis.,  11  figs.,  1908. 

Describes  the  geography  and  general  geology  of  the 
district,  tho  distribution  and  relations  of  Carbonif¬ 
erous,  Cretaceous,  Tertiary,  and  Quaternary  strata, 
and  of  igneous  rocks,  and  the  occurrence,  character, 
and  origin  of  tho  iron  ores. 


Lssqcerbux,  Leo,  Contributions  to  the  fossil  flora  of 
the  Western  Territories,  part  2,  the  Tertiary  flora: 
U.  S.  Geol.  and  Geog.  Survey  Terr.  Final  Rept., 
vol.  7,  pp.  3-31,  1878.  Review  in  Am.  Naturalist, 
vol.  12,  pp.  243-210,  1878. 

Lewis,  R.  S.,  The  Book  Cliffs  coal  field,  Utah:  Am.  Inst. 

Min.  Eng.  Bull.  91,  pp.  1729-1749,9  figs,,  1911. 
Lindgrsn,  Walhemak,  Tho  geological  features  of  the 
gold  production  of  North  America:  Am.  lust..  Min. 
Eng.  Trans.,  vol.  33,  pp.  790-815,  1903. 

Discusses  the  occurrence  and  geologic  relations  of 
gold-bearing  veins  and  deposits  aud  tho  production  of 
gold  in  general  and  in  tho  several  gold-producing 
.States,  Alaska,  Canada,  and  Mexico. 

- The  Annie  Laurie  tniue,  Piute  County,  Utah: 

U.  S.  Geol.  Survey  Bull.  285,  pp.  87-80,  1906. 

Describes  the  geology  und  tho  occurrence  and 
character  of  the  ore  deposits  yielding  gold  and  silver. 
—  —  Will  the  production  of  gold  in  tho  vrorkl  keep  paco 
with  the  increasing  demands  of  commerce  and  trade?: 
Am.  Min.  Cong.  Free.,  10th  aim.  setae,  pp,  265-271, 
1908. 

- Anhydrite  us  a  ganguo  mineral:  Kcon.  Geology, 

vol.  5,  No.  6,  pp.  522-527,  1910. 

- Processes  d(  niiucrali/.alum  and  enrichment,  iu  the 

Tintic  mining  district,  Utah:  Econ.  Geology,  vol. 
10,  No.  3,  pp.  225-240,  2  pis.,  April-liny,  1015. 
Linugren,  Waldkmah,  and  Loughlin,  G.  F.,  Geology 
and  ore  deposits  oi  the  Tintic  mining  district,  Utah: 
U.  S.  Geol.  Survey  Prof.  Paper  107,  282  pp.,  39  pis., 
49  tigs.,  1019. 

Loughlin,  G.  F.,  Reconnaissance  in  the  southern  Wasatch 
Mountains,  Utah:  Jour.  Geology,  vol.  21,  No.  6,  pp. 
436—452,  4  figs.,  1913.  Alva  tract  in  Washington  Acad. 
Sci.  Jour.,  vol.  3,  No.  2,  pp.  60-61,  1913. 

- A  reconnaissance  in  the  Canyon  Range,  west-central 

Utah:  U.  S.  Geol.  Survey  Prof.  Paper  90,  pp.  51-60, 
1  pi.,  5  figs.  (incl.  map),  1914. 

. - The  oxidized  ores  of  the  Tintic  district,  Utah: 

Econ.  Geology,  vol.  9,  No.  1.  pp.  1-19,  2  pis.,  8  figs., 
1914. 

- Recent  alunite  developments  neur  Marywvalc  and 

Beaver,  Utah:  U.  S.  Geol.  Survey  Bull.  620,  pp, 
237-270,  3  figs.,  1918. 

- - Stratigraphy  of  the  Tintic  mining  district,  Utah: 

Abstract  in  Washington  Acad.  Sci.  Jour.,  vol.  5,  No. 
4,  p.  143, 1915. 

- Faultiug  in  the  Tintic  mining  district,  Utah: 

Abstract  in  Washington  Acad. Sci.  Jour.,  vol.  6,  No.  7, 
p.  190,  Apr.  4,  1916. 

. — — -  Ores,  magmatic  emanations,  and  modes  of  igneous 
intrusion:  Discussion  in  Econ.  Geology,  vol.  11,  No.  3, 
pp.  2S4-2SS,  April-May,  1016. 

- - Zinc  carbonate  and  related  copper  carbonate  oren 

at  Ophir,  Utah:  U.  S.  Geol.  Survey  Bull.  680,  pp.  1-1-1, 
4  figs.,  Dec.  24,  1917. 

- Two  lamprophyre  dikes  near  Santaquin  and  Mount 

Nebo,  Utah:  U.  S.  Geol.  Survey  Prof,  Paper  120, 1918 
(Prof.  Paper  120-E). 

See  also  Butler  and  I-oughlm;  Butler,  Loughlin,  and 
I  Heikes. 
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OBE  DEPOSITS  OF  UTAH. 


i  t-i  ,1  Cni  utnt  W,  T.,  ^ 

Jaugiiun,  U.  F,  and  Sciiallkr,  «  .  , 

n,w  mineral  (Tintio  ruining  district,  Utah,.  Am. 
Jour.  Sci,  4th  sir.,  vol.  43,  pp.  69-74,  1  figs-.  J®™* 

Lucas^f’  a’  Contributions  to  paleontology:  Am.  Jour. 
Sci.,  4th  nor.,  vol.  0,  pp.  399-100,  1S98. 

Describes  a  new  semis  and  species  of  crocodile  an< 
a  new  species  of  Diniclis.  e  „  , . 

Luiton,  C.  T.,  Notes  on  (he  geology  of  tlio  ..an  Koiael 
Swell,  Utah:  Washington  Acad.  Sci.  Jour.,  vol. 

No.  7,  pp.  185-188,  KH2. 

_ The  Deep  Creek  district  oi  the  \  crnal  coal  licdii , 

Uinta  County,  Utah:  U.  S.  Geol.  Survey  Bull.  471, 
pp.  679-504, 1  pi.,  1  fig.  (maps),  1012. 

-  The  BlacktaU  (Tabby)  Mountain  con*  -?,f . 

Wasatch  County,  Utah:  U.  S.  Geol.  Survey  Bull. 
471,  pp.  595-628,  2  pis.  (map  and  sections),  1912. 

_ Gypsum  along  the  west  ilaok  of  the  San  Rafael 

Swell,  Utah:  V.  S.  Geol.  Survey  Bull.  530,  pp.  221-231 
1  pi.  (map),  1913. 

_ -Oil  and  gas  near  Green  River,  Grand  County, 

Utah:  U.  S.  Geol.  Survey  Bull.  541,  pp.  115-133,  1 
fig.,  map,  1914. 

_ Coni  resources  of  Castle  G  alley  in  Carbon,  Emery, 

and  Sevier  counties,  Utah:  U.  S,  Geol.  Survey  Bull. 
(528,  1913. 


Marcoc,  Joles,  Ueber  die  Geologic  tier  Vereinigten  Staa- 
ten  und  der  englifehen  Trovin/en  von  Nord-Ainerika: 
Petennann’s  Mitt.,  vol.  1,  Pp  149-159,  map,  1855. 

_ Geology  of  North  America,  with  two  reports  on  the 

prairies  of  Arkansas  and  Texas,  the  Rocky  Mountains 
of  New  Mexico,  and  the  Sierra  Nevada  of  California, 
114  pp.,  7  pis ,  3  maps,  Zurich,  1858.  Reviowsin  Am. 
Jour.  Sci.,  2d  scr.,  vol.  26,  pp.  323-334,  1858;  vol. 
27,  pp.  137-140;  vol.  27,  pp.  134-137,  1859. 

Marsh,  O.  C,  The  Reptilia  of  the  Haptanodon  beds:  Am. 
Jour.  Sci.,  3d  ser,  vol.  1,  pp-  405-40G,  1895. 

Describes  the  occurrence  of  species  of  Baptnnodon 
in  Utah,  Oregon,  and  Wyoming. 

Makvise,  A.  R.,  Report  on  the  geology'  of  the  route  from 
St.  George,  Utah,  to  Gila  River,  Arm.,  examined  in 
1871:  U.  S.  Geol.  and  Geog.  Surveys  W.  100th  Mer. 
Final  Rept,  vol.  3,  pt.  2,  pp.  189-225,  1875. 

Set  also  Gilbert,  Marvine,  and  Howell. 

Maury,  M.  F,  On  the  geologic  agency  of  the  winds:  Am. 

Assoc.  Adv.  Sci  Proc,  vol.  6,  pp.  277-296,  1S52. 
McGee,  W  J,  Map  of  the  United  States  exhibiting  the 
present  status  of  knowledge  relating  to  the  areal  dis¬ 
tribution  of  geologic  groups,  17*  by  28  inches:  U.  S. 
Geol.  Survey  Fifth  Ann.  Rept.,  for  188:1-84;  map 


628, 1913.  in  pocket  explanation  on  pp.  34-38,  1835. 

Discusses  stratigraphy,  structure,  and  coal  resource*.  ypEAyst  A.  H  ,  Some  now  mineral  occurrences  from  the 
McOoxai.d,  W.  T.,  The  San  Juan  oil  field,  Utah:  Western  Tintie  district,  Utah:  Am.  Jour.  Sci.,  4th  ser.,  vol.  41, 


Eng.,  vol.  1,  No.  1,  pp.  37-46,  9  figs  ,  1912. 


pp.  125-130,  January,  1916. 


M.scFakIiAn;*,  .Tames,  The  Ohio  Copper  Co,,  Bingham,  y[EKK  p  B..  Lists  oi  fossils  from  Utah,  with  some  notes: 
Utah:  Min.  World.  vol.  30,  pp.  345-348,  4  figs.,  1909.  T-  s  Go(.g  Expl.  40th  Par.  Final  Rept,,  vol.  3,  pp. 
Includes  notes  on  tho  local  geology  and  the  occur-  459-466.  1870. 

ronoc  of  the  copper  ores.  .  ...  - Preliminary  paleontological  report  consisting  of 

MacFamikk,  U.  W-,  Ozokerite  in  Utah:  Min.  an  Sci.  i^ta  0f  fCiUr,!a,  with  descriptions  of  some  new  types, 

Prc*  vol.  99.  pp.  789-790, 1  fig.,  VM  Xf.S  Geol.  Survey  Terr.  Fourth  Ann.  Rept.,  pp. 

- Tho  alory  of  Bingham  Canyon,  Utah:  Min.  and  ,  .  .  A  ,  0  .  0.  _ 

Sci.  Press,  vol.  99,  pp.  129-130,  1  fig.,  1909.  287-318.  1871.  Attract  in  Am.  Jour.  So.,  3d  ser., 

Includes  no  too  on  the  geology  nnd  occurrence  oi  VQ' P'.‘  . 

tho  ores.  - Preliminary  paleontological  report  consisting  of  lists 

Maguiiik,  Dok,  Gold  mines  of  Merour,  Utah:  Mines  and  an<^  descriptions  oi  fossils,  with  remarks  on  the  ages 

Minerals,  vol.  19,  pp.  81-83,  2  figs.,  130-131,  ISOS.  of  Uio  rocks  in  which  they  were  found:  U.  S.  Geol. 

Describes  tho  occurrence  of  tho  ore  bodies  of  the  Survey  Terr.  Sixth  Ami.  Rept. ,  pp.  429-518, 1873.  On 

region.  the  age  of  the  lignitic  formation  of  the  Rocky  Moun- 

- - The  hydrocarbons  of  eastern  Utah,  with  special  tain  region:  Abstract  in  Am.  Jour.  Sci.,  3d  ser.,  vol. 

reference  to  dopositaof  ozokerite,  gilsonite,  and  elater-  8,  pp.  459-463,  1873. 

ite:  Mines  and  Minerals,  vol.  20,  pp.  398-400,  4  figs.,  - Note  on  seme  fossils  from  near  the  eastern  hose  of 

_  _  the  Rocky  Mountains,  west  of  Greeley  and  Evans, 

Silver- nearing  sandstones  of  southern  Utah:  Mines  Colo.,  and  others  from  about  200  miles  farther  eaet- 

and  .Minerals,  vol.  -’0,  pp  323-324,  1900.  ward,  with  descriptions  of  a  few  new  species:  U.  S. 

MAXsmLu,  G.  R  See  Richards  and  Mansfield.  Geol.  an<1  G  Survev  Terr.  Bull,  vol.  1,  2d  ser, 

Marcou,  Julks,  Geological  map  of  the  United  States  nnd  \rn  ,  nn  nnj7  lft7- 

British  provineoa  of  North  America  (with  explanatory  1  nl  .  .  it  *  i  .  .  ..  ..  A  Al_ 

text  and  geological  sections),  92  pp  ,  8  pis,  Boston,  - ^.rt  0Q  ‘he  Philological  collections  of  the 

1853  See.  gfol.  France  Bull,  2d  ser,  v0l.  12  up  expedition,  in  Simpson.  J.H,  Report  of  explorations 

813-933,  map,  pi,  under  title  “R6mm6  oxpliratif  acr0®  lbe^eat  bisin  pf  theTerntory  of  Utah  in  1859, 

d’une  carte  p6ologi«uo  des  fitats-Unis  et  des  pro-  pp.  339-375,  pis.  1-4,  1876. 

\-intesanglai«<ssdel'Am{Tiquo<lu  Nord.avecun  profil  T - 'Introductory  remarks  on  [Mesozoic  and  Cenozoic]: 

g4ologique allMtdc  hi  valhf-edu  Mississippi  aux  cotes  U.  S.  Geol.  Expl.  40th  Par.  Final  Rept,  vol.  4,  pp. 
du  Pacitique,  et  une  plum  ho  de  fossil  os.”  Map  in  3-15,  1877. 

atlas  to  “Voyage  dans  I’Amfrique  du  Nerd,"  by  G.  Meek,  F.  B,  and  Ekoei.makn,  H,  Notice  of  geological 
Lnmbert,  BruxeDes,  1855;  Annalesdes  mines,  vol.  7,  discovories  made  liy  J.  H.  Simpson  in  the  recent 

p.  320.  pl.  9; Geology  oi  North  America,  Zurich,  1858;  exploration  across  tho  continent:  Acad.  Nat.  Sci. 

.  .  vio  souterraine,  ou  les  mince  ot  1cm  mineurs."  Philadelphia  Proc,  vol,  12,  pp.  126-131,  1861. 


,  .  .  _  - - — '  -  * “  *  ,vv,l  »«)  UU.  16U-WI.  lOUl. 

TT'  U.\r~  rarifl;  1S67;  “Phvsi-  Meinzer>  0  E,  Ground  water  in  Juab,  Millard,  and  Iron 

r  ioT*'  872 '  Rev'ewin  counties,  Utah:  U.  S.  Geol.  Survey  Water-Supply 

idem! 3  S  pp  l^OG  PP'  1  °n'’  277'  1,52  PP  •  5  Pl«-  13  figs,  1911.  Abstract  in 


Washington  Acad.  Sci.  Jour,  voi.  2,  no.  9,  p.  226,  1912. 
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Msrriam,  J.  0.,  New  anchitheriine  horses  from  the  Ter¬ 
tiary  oi  the  Great  Basin  area:  California  Univ.  Dept. 
Geology  Bull.,  vol.  7,  no.  22,  pp.  119-131,  5  figs.,  1913.  ( 

Merrill,  G.  P.,  S tones  ior  building  and  decoration, 
•153  pp..  New  York,  1S91. 

— - The  onyx  marbles;  their  origin,  composition,  and 

uses,  both  ancient  and  modern:  U.  S.  Nat.  Mus.  Kept, 
for  1893,  pp.  539-585,  pin.  1-18. 

Discusses  origin,  mode  of  occurrence,  and  chemical 
and  physical  properties,  and  describes  occurrences  in 
Arizona,  California,  eastern  Appalachian  region, 
Colorado,  Utah,  New  Mexico,  ami  foreign  countries 

Merrill,  N.  F.,  ('on corning  the  lithological  collection  of 
the  exploration  of  the  fortieth  parallel:  Boston  Soc. 
Nat.  Hist.  Proc.,  vol.  21,  pp.  23-1  —243,  452—470,  1883; 
reviewed  on  pp.  213-271. 

Merwik.H.E.  See  niltebrandand  .Mcrwin;  Ilillebraud, 
Wriglit,  and  Mcrwin. 

Miller,  S.  A.,  North  American  Mesozoic  and  Cenozoic 
geology  and  paleontology:  Cincinnati  Son  Nut.  Hist. 
Jour.,  vol.  2,  pp.  110-1G1,  223-244,  1879;  vol.  3,  pp. 
9-32/79-1 18,  165-202,  245-238,  1880;  vol.  4,  pp.  3-16, 
93-144,  183-234,  1881.  Also  issued  33S  pages,  Cin¬ 
cinnati,  1881. 

Mock,  Charles  Craig,  A  study  of  the  Morrison  formation: 

‘New  York  Acad.  Sci.  Annuls,  vol.  27,  pp.  39-191,  1 
pi.  (map),  94  fig*.,  June  12,  I91G. 

Moeller,  W.  II  ,  The  Mercur  gold  deposits  in  the  Camp 
Floyd  district,  Utah:  Eng.  and  Min.  Jour.,  vol.  57,  p. 
51  (correspondence),  1S94. 

Describes  the  character  and  structure  of  the  gold 
deposits. 

Montgomery,  Henry,  Volcanic  dust  in  Utah  and  Colo¬ 
rado:  Science,  new  ser.,  vol.  1,  pp.  656-657,  1895. 

Describes  deposits  of  volcanic  dust  occurring  in  the 
Oquirrh  and  Wasatch  mountains,  Utah,  and  in  the 
Green  River  region  of  northwestern  Colorado. 

Moore,  R.  B.,  and  Kithil,  K.  L.,  A  preliminary  report 
on  uranium,  radium,  and  vanadium.  U.  S,  Bur. 
Mines  Bull.  70,  101  pp.,  4  pis.,  2  figs.,  1913. 

Morgan,  H.  J.,  Illustrations  of  polished  rock  surfaces: 
Tenth  Census  U.  S  .  vo),  10,  pis.  27-58,  1884. 

Moses,  A.  J.,  One  of  the  gypsum  crystals  from  the  cave  at 
South  Wash,  Wayne  County,  Utah:  Science,  vol.  21, 
pp.  230-231,  1893. 

Gives  the  crystallographic  measurements  of  the 
crystal. 

Neill,  J.  W.,  Camp  Floyd  district,  Utah:  Eng.  and  Min. 
Jour.,  vol.  61,  pp.  85-8G,  1896. 

Describes  the  geologic  features  of  the  region  and 
the  occurrence  of  the  gold  ores. 

Newberry,  J.  S.,  Tho  ancient  lakes  of  western  America; 
their  deposits  and  drainage:  U.  S.  Geol.  Survey  Terr. 
Fourth  Aun.  Rept.,  pp.  320-339, 1S72.  Am.  Naturalist, 
vol.  4,  pp.  640-660, 1872.  Haydeii,  F.  V.,  Sun  pictures 
of  the  Rocky  Mountains,  pp.  135-150, 1872.  Ahatraets 
in  Canadian  Naturalist,  vol.  6,  new  aer.,  pp.  112-118; 
Am  Jour.  Sci.,  2d  ser.,  vol.  50.  pp.  129-130,  1870. 

- —  On  the  lignites  and  plant  beds  of  western  America: 

Am.  Jour.  Sci.,  3d  scr.,  vol.  7,  pp,  399—101,  1874. 

-  On  the  discovery  of  mineral  wax,  ozokerite,  in 

Utah:  Am,  Jour.  Sci.,  3d  ser.,  vol.  17,  pp.  340-341, 
1879. 


Newberry,  J.  S.,  The  geological  survey  of  the  fortieth  par¬ 
allel:  Pop.  Sci.  Monthly,  vol.  15,  pp.  302-317,  1879. 

- The  genesis  of  iron  ores:  School  of  Minos  Quart., 

vol.  2,  pp.  1-17, 1880.  Abstracts  in  Ain.  Jour.  Sci.,  3d 
ser.,  vol.  21,  p.  80,  1881;  Am.  Naturalist,  vol.  15,  pp. 
410-112,  1S81 

— -  Geological  facts  recently  observed  in  Montana, 

Idaho,  Utah,  and  Colorado:  New  York  Acad.  Sci. 
Trails.,  vol .  1,  pp.  4-8,  1882.  Science,  vol.  2,  pp. 
523-624,  1882. 

- Marble  deposits  of  the  western  United  States: 

School  of  Mines  Quart.,  vol.  10,  pp.  69-72,  1886. 

- The  deposition  of  ores;  School  of  Mines  Quart., 

vol.  5,  pp.  329-314,  1881. 

Newell,  F.  H.,  The  public  lands  and  their  water  supply: 
U.  S.  Geo!.  Survey  Sixteenth  Ann.  Kept.,  pi.  2, 
pp.  457-533,  pis.  35-39,  tigs.  48-57,  1895. 

Describes  Iho  character  of  the  public  lauds  of  the 
Western  States  and  their  water  supply. 

Ochsentus,  Carl,  Gcologisches  und  Montanietieches  aus 
Utah:  Deutsche  Gool.  Gesoll  Zeitschr,,  vol.  34,  pp 
288-372,  1882. 

Odly,  J.,  Ozokerite:  Min.  and  Sci.  Press,  vol.  SI,  pp.  8-9, 
1900, 

Describes  occurrence  in  Utah  and  Colorado. 

Osborn,  H.  F.,  Fossil  mammals  of  the  Uinta  Ifasin;  ex¬ 
pedition  of  1894;  Am.  Mus.  Nat.  Hist.  Bull.,  vol.  7, 
pp,  7A-I06,  figs.  1-17,  1895. 

Gives  a  description  of  the  occurrence  of  the  fossils 
and  the  character  of  the  formations  in  the  Uinla  Basin, 
iu  northeastern  Utah,  by  O.  A.  Peterson.  Shows  the 
succession  of  species  in  the  threo  faunal  levels  and 
describes  the  fossils  collected,  including  several  new 
species. 

Packard,  A.  S.,  Jr.,  On  the  supposed  ancient  outlet  of 
Great  Salt  Lake:  U.  S.  Geol.  and  Geog.  Survey  Terr. 
Bull.,  vol.  1 , 2d  ser. ,  No.  5,  pp.  4 13-4 14, 1870.  Abstract 
in  Am.  Jour.  Sci.,  3d  ser.,  vol.  11,  pp.  149-150, 1876. 

Packard,  R.  L.,  Natural  sodium  salts:  U.  S.  Geol.  Survey 
Mineral  Resources,  IS93,  pp.  728-738,  1894. 

Describes  the  lakes  of  Utah,  Nevada,  aud  Cali¬ 
fornia  in  which  sodium  sails  have  become  concen¬ 
trated,  and  gives  in  tabular  form  the  composition  of 
the  salts  and  discusses  their  origin. 

- Yariscite  from  Utah:  Am.  Jour.  Sci.,  3d  ser.,  vol. 

47,  pp.  297-298,  1S94.  Abstract  in  Am.  Naturalist, 
vol.  28,  p.  873,  1894. 

Describes  the  characteristics  of  this  material  and 
gives  its  chemical  analysis. 

Palactik,  C.,  aud  La  Forge,  Laurence,  Notes  ou  the 
crystallography  of  leudhillite:  Am.  Acad.  Arts  and 
Sci.  Proc,,  vol.  44,  No.  17,  pp.  435-163,  3  pis.,  1909. 

- Notizen  liber  die  Krystallographio  ties  Leadhilliw: 

Zeitschr.  Kryst.  und  Min.,  Band  48,  Ileft  2,  pp.  129 
133,  1910. 

Describes  the  optical  characters  of  leudhillite  from 
Utah. 

Palmer,  Chase,  Tho  geochemical  interpretation  of  water 
analyses:  U.  S.  Geol,  Survey  Bull.  479,  31  pp.,  1  fig  , 

191 1. 

Palmer,  L.  A.,  Modern  mining  at  Alta,  Utah;  Mines  and 
Minerals,  vol.  26,  No.  10,  pp.  438-440,  3  figs.,  1906. 

Includes  an  account  of  the  local  geology  and  the 
occurrence  of  the  ore  bodies. 
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Palmer,  L,  A.,  Mining  copper  ore  with  steam  shovel*: 
Min  Mag.,  vol.  4,  No.  4,  pp.  203  290,  4  IbFi  • 
Includes  notes  on  the  geology  and  the  occurrence  o 

ore  bodies  at  Bingham,  Utah. 

Parker,  E.  W.,  Abrasive  materials:  U.  S.  GwI.^Survey 
Nineteenth  Ann.  Kept.,  pt.  0  cent.,  pp.  olo-o3J,  1S9S. 

Includes  statistics  of  production  and  notes  on  the 
occurrence  of  corundum  in  Ontario,  by  Courtenay  De 
Kalb,  and  on  the  occurrence  of  pumice  stone  in  Ne¬ 
braska,  South  Dakota,  and  Utah. 

Parsons,  C.  1..,  Our  radium  resources:  Am.  Min.  Cong. 

Kept.,  Kith  aim.  seas.,  1913.  pp.  223-234,  1914. 
Parsons, T.  S,,  Some  unknown  American  natural  bridges: 
Mineral  Collector,  vol.  14,  No.  7,  pp.  103- 101,  1907. 
Describes  natural  bridges  in  Miuthcostem  Utah. 
Patton,  H.  11.,  Topaz-bearing  rhyolite  of  the  Thomas 
Range,  Utah:  Gcol.  Soc.  America  Dull.,  vol.  19,  pp. 
177-102,  2  pis.,  1903  Abstract  in  Science,  now  ser., 
vol.  27,  p.  410,  1908, 

Describes  the  location  and  character  of  the  rhyolite 
and  tlio  topaz  and  other  minerals  occurring  in  its 
cavities. 

Phams,  A.  C.,  Report  on  minerals,  rocks,  thermal  springs, 
etc.:  U.  S.  Gcol.  Survey  Terr.  Fifth  Ann.  Kept.,  pp. 


IG5-204,  1872. 

- Report:  U.  S.  Geo).  Survey  Terr.  Sixth  Ann. 

Ropt.,  pp.  99-187,  1873. 

- Report  of  the  geology  of  the  Green  River  district: 

U.  S.  Geol.  and  Gcog.  Survey  Terr.  Eleventh  Ann. 
Kept,  for  1977,  pp.  509-64G,  1879.  Abstracts  in  Am. 
Naturalist,  vol.  12,  pp.  98-99,  1878;  Am,  Jour.  Sci., 
3d  «er.,  vol.  13,  p.  07,  1878. 

Pf.kt,  G.  A.,  Green  River  oil  fields  in  Wavne  County, 
Utah:  Salt  lake  Min.  Rev.,  vol.  11,  No.  18,  pp.  19-21, 
6  tigs.,  1909. 

Psnitei-d,  S.  L.,  On  chemical  comrxwition  of  aurichalcite: 

All.  Jour.  S»-i.,  .‘Id  nor,,  vol.  41,  pp.  10G-10S,  1S91. 
Pknuelii,  S.  I,.,  and  Foote,  H.  W.,  On  bixbyite,  a  now 
mineral,  and  notes  on  the  associated  topaz:  Am. 
Jour.  Sci,,  4th  ser.,  vol.  4,  pp.  105-108,  1897. 

Describes  its  crystallographic  and  chemical  char¬ 
acters. 

Pkppkrrkrq,  I,.  J.,  Variscito  near  Lucin,  Utah:  Min.  and 
Sci.  Press,  vol.  103,  pp.  233-234,  1911. 

Peterson,  O,  A.,  Some  nudescrihcid  remains  of  the  Uinta 
titanothere  Dolidiorhinus;  Carnegie  Mus.  Annals,  vol. 
9,  Nos.  1-2,  pp.  129-138,  7  figs.,  1914. 

— - A  new  titanothcro  from  the  Uinta  Eocene:  Carnegie 

Mus.  Annals,  vol.  9,  Noe.  1-2,  pp.  29-52,  5  pis.,  14 
figs.,  1914. 

- A  sin  all  titanothere  from  the  lower  Uinta  beds; 

Carnegie  Mils.  Annals,  vol.  9,  Nos.  1-2,  pp.  53-57, 
1  ph,  2  figs,,  1914. 

Peterson,  William,  Phosphate  deposits  in  the  Missis- 
sippiau  rocks  of  northern  Utah:  Science,  new  ser., 
vol.  40,  pp.  755-758,  1914. 

Pnn.i.iro,  A.  IT.,  Radium  in  an  American  ore:  Am.  Philos. 
Soc.  Proc.,  vol.  43,  pp.  157-100,  1904. 

Describes  th.e  occurrence  and  composition  of  carno- 
tite  from  Utah  and  Colorado  and  tho  extraction  of 
radium  therefrom. 

PoauE,  J,  E.,  Nonnezoshe,  tiro  great  natural  bridge  of 
southern  Utah:  Abstract  in  Science,  now  ser.,  vol.  33, 
p.  355,  1911. 


PofiUE.  J.  E.,  The  great  Rainbow'  natural  bridge  of  south¬ 
ern  Utah:  Nat.  Gcog.  Mag.,  vol.  22,  No.  11,  pp.  1048- 
105(5,  G  figs.,  191 L 

Poole,  Henry,  The  great  A  mcriean  desert:  Nova  Scotian 
Inst.  Trans.,  vol.  3,  pp.  208-220,  1874. 

PoSEPNY,  F-,  The  genesis  of  ore  deposits:  Am.  Inst.  Min. 
Eng.  Trans.,  vol.  23,  pp.  197-389,  figs.  1-100,  1894, 
Reviews  the  general  facts  and  theories  concerning 
the  origin  of  ore  deposits.  Describes  the  constitution 
and  effects  of  underground  circulating  waters,  tho 
character  of  ore  deposits  occurring  in  fissures  and  in 
soluble  rocks,  these  occurring  in  distinctly  stratified 
rocks  and  in  crystalline  schists  and  eruptive  rocks, 
and  those  formed  by  chemical  and  mechanical 
influences  of  the  surface  region.  Advocate*  the 
ascension  theory  of  tho  formation  of  ore  deposits. 

Powell,  J.  \V.,  Sonic  remarks  mi  the  geological  structure 
of  a  district  of  country  lying  to  the  north  of  the  Grand 
Canyon  of  the  Colorado:  Am.  Jour.  Sci.,  3d  ser.,  vol. 
5,  pp.  456—165,  1873. 

- Report  of  explorations  in  1873  of  the  Colorado  of  the 

West  and  its  tributaries,  under  the  direction  of  the 
Smithsonian  Institution,  30  pp.,  1S74, 

- Remarks  on  the  structural  geology  of  the  valley  of 

tho  Colorado  of  the  West:  Washington  Philos.  Soc. 
Bull.,  vol.  1,  pp.  48-51,  1374. 

- Report  on  the  geology  of  the  eastern  portion  of 

tho  Uinta  Mountains  and  a  region  of  country  adjacent 
thereto,  vii, 218  pp.,  atlas  folio,  U.  S.  Geol.  and  Gcog. 
Survey  Terr.,  2d  div.,  1876,  Types  of  orographic 
structure:  Abstract  in  Am.  .Tour.  Sci.,  3d  ser,,  vol. 
12,  pp.  414-128.  1S77. 

- Exploration  of  the  Colorado  River  of  tho  West  and 

its  tributaries,  xi,  291  pp.,  pis.,  map,  and  profiles  in 
pocket,  1875.  Abstracts  in  Sci.  Am.  Suppl.,  vol.  6, 
No.  118,  pp.  1869-1871;  No.  121,  pp.  1917-1919; 
No.  124,  pp.  1965-1967;  vol.  0,  No.  131,  pp.  2075- 
2077;  No.  135,  pp.  2139-2141;  Pop.  Sci.  Monthly, 
vol.  7,  pp.  385-399,  531-542,  670-6 SO;  Am.  Jour.  Sci., 
3d  ser.,  vol.  10,  pp.  303-304;  Am.  Naturalist,  vol.  10, 
pp.  736-739  (all,  1876), 

- The.  1  anils  of  Utah:  Report  on  tho  lands  of  the 

arid  region  of  the  United  States,  with  a  more  detailed 
account  of  the  lands  of  Utah,  pp.  93-112,  maps  (2ded.), 
1879. 

- Report  of  the  Director:  U.  S.  Geol.  Survey  Second 

Ann.  Kept-.,  pp.  i-lv,  Washington,  1S82. 

Putnam,  B.T.,  Notes  on  the  samples  of  iron  ore  collected 
west  of  the  one  hundredth  meridian:  Tenth  Census 
U.  S.,  vol.  15,  pp.  469-505,  maps,  1886. 

Rath,  G.  vom,  Geolog  inches  aus  Utah:  Neues  Jahrb., 
1884,  vol.  1,  pp.  15S-16S,  1885. 

- -  Einige  Bcmerkungen  fiber  das  Territorium  Utah: 

Niederrhein.  Cesoll.  Natur-  und  Heilkuude  Bonn 
Sitzungsber.  (Separat-Abdruck),  pp.  29-8G,  1887. 

Raymond,  R.  \V.,  Note  on  a  specimen  of  gilsonite  from 
Uinta  County,  Utah:  Ain.  Inst.  Min.  Eng.  Trans., 
vol,  17,  pp.  113-115, 1889. 

Reade,  T.  M.,  Origin  of  normal  faults:  Am.  Jour.  Sci., 
3d  ser.,  vol.  39,  pp.  51-52,  1890. 

Reagan,  A.  B.,  Geology  of  the  Dcop  Creek  region,  Utah: 
Salt  I,jko  Min.  ltev.,  vol.  19,  No.  6,  pp.  25-28  ,  2 
figs.,  June  30,  1917. 
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Reagan,  A.D,  Tho  Deep  Creek  Reservation  and  its 
Indians  (Utah):  The  Rod  Man,  vol.  9,  No.  7,  pp.  219- 
2:t6,  Mav-Jtine,  1917. 

Richards,  R.  \\  Notes  on  loud  and  copper  deposits  in 
the  Bear  River  Range.  Idaho  and  Utah:  U.  8.  Gecl. 
Survey  Bull.  17(1,  pp.  177-187,  3  figs.,  1911. 

Describes  the  general  geologic  structure  and 
stratigraphy  «{ the  region  and  gives  local  descriptions 
of  the  mineral  deposits. 

A'.'s  olxo  Gale  and  Rirhards. 

Richards  R.  W  ,  aud  MAVsnei.i>.  G.  R.,  The  Bannock 
overt lirust,  a,  major  fault  in  southeastern  Idaho  and 
northeastern  Utah:  Jour  Geology,  vol.  20,  No.  8, 
pp,  681-700,  5  fgs..  1012. 

Richardson,  G.  B,  Natural  gas  near  Salt  Lake  City, 
Utah:  U.  S.  Geol.  Survey  Bull.  260,  pp.  480-483, 
11105. 

Dearrihes  the  occurrence  and  character  of  natural 
gas  near  Salt  Lake  City,  Utah. 

- Occurrence  of  underground  waters  in  Sanpete  and 

Sevier  valleys,  Utah:  Abstract  in  Science,  new  syr., 
vol.  23,  p.  817,  1906. 

- Underground  water  in  the  v  alleys  of  Utah  Lake 

and  Jordan.  River,  Utah:  U.  S.  Geol.  Survey  Water- 
Supply  Paper,  157,  81  pp.,  9  pis.,  5  figs.,  1906. 

Describes  the  topography  and  drainage,  the 
general  geology,  and  the  occurrence  and  character  of 
underground  water. 

- Coal  in  Sanpete  County,  Utah:  U.  S.  Geol.  Sur- 

voy  Bull.  285,  pp.  280-28-1,  1  pi.  (map),  1906. 

Describes  the  general  geology,  the  occurrence  and 
character  of  tho  coal  heds,  and  the  composition  and 
character  of  the  coals. 

- —  Underground  waters  in  Sanpete  and  central 

Sevier  valleys,  Utah:  U.  S.  Geol.  Survey  Water- 
Supply  Taper  199,  63  pp.,  6  pis.,  5  tigs.,  1907. 

Includes  no  account  of  the  geology. 

- The  Book  Cliffs  coal  field,  between  Grand  River, 

Colo.,  and  Suuuyside,  Utah:  U.  S.  Geol.  Survey  Bull. 
310,  pp.  302-320,  1  pi.,  1907. 

- Antimony  in  southern  Utah:  U.  S.  Geol.  Survey 

Bull,  310,  p-».  253-256,  1908. 

Describes  the  general  geology  of  the  region,  the 
occurrence  of  the  ore,  and  the  mining  developments 

- Petroleum  in  southern  Utah:  U.  S.  Geol.  Survey 

Bull.  M0,  pp.  M 3-3-1 7,  190S. 

Gives  an  outline  of  the  geology  in  (he  vicinity  of 
Virgin  City,  Utah,  and  describes  the  occurrence  of 
{letroleum  aud  the  character  of  the  oil. 

- The  Harmony.  Colob,  and  Kanab  coal  fields, 

southern  Utah:  *U.  S.  Geol.  Survey  Bull.  341,  pp. 
379  400,  1  pi.  (map),  1909.  Reprinted  in  Utah  State 
Mine  luspoctor  Eighth  Bieu.  Rcpt.,  1911-12,  pp. 
141-170,  1  pi.  (map),  1913. 

Describes  the  location  and  topography,  the  stratig¬ 
raphy  and  structure  oi  the  field,  the  occurrence  and 
character  of  the  coal  beds,  and  the  quality  and  com¬ 
position  oi  the  coals. 

- Reconnaissance  of  the  Book  Cliffs  eoal  field  be¬ 
tween  Grand  River,  Colo.,  and  Snnnyside,  Utah:  L .  S. 

•  Geol.  Survey  Bull.  371,  64  pp.,  10  pis.,  1  fig.,  1909. 

Describes  tho  topography,  stratigraphy,  including 
Cretaceous  and  Tertiary  formations,  and  structure  of 
the  field,  and  the  occurrence,  character,  and  devel¬ 
opment  of  the  coal  beds  aud  quality  oi  the  coal. 


Richardson,  G.  B.,  The  Paleozoic  section  in  northern 
Utah:  Am.  Jour.  Sci,,  4th  ser., vol.  36,  pp. 406-116, 1913. 
Rtcos,  E.  S.,  New  or  little-known  titanotherOs  from  the 
lower  Uinta  formations,  with  notes  on  the  stratig¬ 
raphy  and  distribution  of  fossils:  Field  Mus.  Nat. 
Hist.  Pub.  159,  geol.  ser,,  vol.  4,  no.  2,  pp.  17-41, 
9  pis.,  2  figs..  1912. 

Rioos,  R.  15.,  Eruptive  rock  from  Ilenry  Mountains,  Utah: 

U.  S.  Geol.  Survey  Bull.  60,  p.  154,  1890, 

Riter,  G.  W,,  Asphalt  and  rare  hydrocarbons:  Utah 
State  Mine  Inspector  Eighth  Bicn.  Kept.,  1911-12, 
pp.  120-129,  1913. 

Gives  notes  on  the  occurrence  ui  hydrocarbons  in 
Utah. 

Roiunsov,  H.  M.,  Gzukerite  in  central  Utah:  U.  S  Geol. 

Survey  Bull  641,  pp.  1— 1ft,  I  pi.  (map),  1916. 
Rogers,  A.  I*.,  Pyritc  crystals  from  Bingham,  Utah: 
Am.  Jour.  Sci.,  4th  ser.,  vol.  27,  pp.  467-168,  1  fig., 
1939. 

Rogers,  A.  P.,  The  new  oil  field  in  Utah:  Eng.  and  Min. 

Jour.,  vol.  87.  p.  9S9,  1  fig.,  1909. 

Rogers.  11.  D.,  Sketch  of  the  geology  of  tho  United 
States:  Geology  of  Pennsylvania,  vol.  2,  pp,  741-775, 
Philadelphia,  1S5S. 

Roklfing,  D.  P.,  Tiic  great  ITori'.  Silver  vein  in  Beaver 
County  (Utah):  Salt  Lake  Mill.  Rev.,  vol.  19,  No.  12, 
pp.  23-2-1,  Sept.  30,  1917. 

Roi.kpr.  C.  M.,  The  silver  sandstone  district  of  Utah: 
Am.  Inst.  Min.  Eng.  Trans.,  vol.  9,  pp.  21-33,  1881; 
discuKied  on  p.  33. 

Rose, - ,  Vorkemmeu  und  Gewinnung  der  an 

Durchbruchgesteiue  gebundenen  Knpferer/.e  in  den 
Wilstcngebicten  des  sudwesllichcn  Norlaxnerikas: 
Glilckauf,  Jahrg.  47,  nos.  1-5,  pp.  1-14,  69-81,  101- 
110,  141-155,  181-191,  49  figs.,  1911. 

Describes  the  copper-oro  deposits  and  the  cupper 
industry  of  the  desert  regions  of  southwestern  United 
States. 

Rothpletz,  A.,  On  the  formation  of  oolite:  Am.  Geolo¬ 
gist,  vol.  10,  pp.  279-282,  1892.  Abstract  in  Am. 
Naturalist,  vol.  27,  p.  3-1,  1893. 

Describes  Glarvcapsti  and  Glticothca  cells  found  on 
the  shores  of  Great  Salt  Lake.  Describes  tho  calca¬ 
reous  oolites  aud  concludes  that  a  majority  of  tho 
marine  Cretaceous  oolites,  with  regular  zonal  and 
radial  structure,  are  of  plant  origin. 

Russem.,  I.  C.,  Sulphur  deposits  in  Utah  and  Novnda: 
New  York  Acad.  Sci.  Trans.,  vol.  1,  pp.  168-175, 

1882.  Eng.  and  Min.  Jour.,  vol.  35,  pp.  31-32,  40, 

1883.  Abstract  in  Am.  Jour.  Sci.,  3d  per.,  vol.  25, 
1883. 

- Playas  and  playa  lakes:  Pop.  Sci.  Monthly,  vol. 

22,  pp.  380-385,  1883.  Abstract  in  Science,  vol.  1, 
pp.  77-78,  1683. 

Ryan,  G.  H.,  Geology  and  ore  deposits  of  Miller  Hill, 
American  Fork  mining  district,  Utah:  Salt  Lake  Min. 
Rev.,  vol.  19,  No.  9,  pp.  21-25,  6  ligs.,  Aug.  13,  1917. 
Scualier,  W.  T.,  Crystallized  variscitu  from  Utah:  Ab¬ 
stract  in  Washington  Acad.  Sci.  Jour.,  vol.  1,  no.  5, 
pp.  150-151,  1911. 

- - The  crystallography  of  variscite:  Washington  Acad. 

Sci.  Jour.,  vol.  2,  no.  6,  p.  143,  1912. 
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ScHAU-er,  W.  T.,  Crystallized  variacite  from  Utah  V  S. 
Nat,  Mus.  Proc.',  vol.  41,  pp.  113-130,  1  pi..  2  flits., 
1912.  Zeitechr.  Kryst.,  Band  50,  Ileit  4-5,  pp.  321- 
242,  2  figs.,  1912. 

Describes  the  characters  and  occurrence,  the  optical 
properties,  the  structure,  the  crystallography,  and 
the  chemical  composition. 

_ Mineralogical  notes,  sorics  2:  U.  S.  Geol.  Survey 

Bull.  509,  115  pp.,  1  pi-  6  figs.,  1912.  Abstract 
in  Washingtou  Acad.  Sci.  Jour.,  vol.  2,  no.  14,  p.  349. 
1912. 

- - llpemannite,  hydrous  sulphate  of  molybdenum: 

Washington  Acad.  .Sci.  Jour.,  vol.  7,  No.  13,  pp.  417- 
420,  July  19,  1917. 

See  ahn  Butler  and  Sc.lialk-r;  fleas  and  Schaller. 

Sciiiei.,  James,  Geological  report  of  the  country'  explored 
under  the  thirty-eighth  and  forty-first  parallels  of 
north  latitude  in  1853-34:  iu  Beckwith,  E.  G.,  Report  i 
of  explorations  for  the  Pacific  Railroad  on  the  line  of  j 
the  forty-first  parallel  of  north  latitude,  pp.  120-133, 
1854.  Also  in  Beckwith,  E.  G.,  Explorations  and 
Surveys  fora  railroad  route  from  the  Mississippi  to  the 
Pacific  Ocean,  33d  Cong.,  2d  sow.,  S.  Ex.  Dor  .  78, 
vol.  2,  pp.  90-112,  1835. 

Scott,  W.  B.,  Geological  and  faunal  relations  of  the  Uinta 
formation:  Am.  Philos.  8oc.  Trans  ,  vol.  10,  new  ser., 
pp.  491-470,  1890.  Abstract  in  Am.  Naturalist,  vol. 
24,  p.  470.  1890. 

Shuman,  Benjamin’,  Jr.,  Geological  and  mineralogical 
notes  on  sonu*  of  tho  mining  districts  or  Utah  Territory, 
and  especially  those  of  the  Wasatch  and  Oquirrli  ranges 
of  mountains:  Atu.  Jour.  Sci,,  3d  ser.,  vol.  3,  pp.  195- 
301,  1872. 

Smith,  C.  D.  Str  Tail  arid  , Smith. 

Smith,  G.  II.,  Statelirie  mining  district,  Iron  County, 
Utah:  Min.  and  Sci.  Press,  vol.  84,  p.  101,  1902. 

Describes  the  general  geology  of  the  region  and  the 
mining  developments. 

S.vrru,  G.  O.,  Igneous  phenomena  in  the  Tintic  Mountains, 
Utah:  Science,  new  9er.,  vol.  7,  p.  502,  1898. 

Contains  summary  of  paper  read  before  the  Geo¬ 
logical  Society  of  Washington. 

- Physiography  and  general  geology:  U.  S.  Geol. 

Survey  Geol.  Atlas,  Tintic  special  folio  (No.  65i 
pp.  1-1,  1900,  ’ 

Describee  the  topographic  features  and  drainage, 
the  occurrence  and  character  of  the  Cambrian,  Car¬ 
boniferous,  and  igneous  rocks,  and  tho  geologic 
structure  and  history.  Includes  geologic  maps  and 
structure  sections. 

Discussion  of  paper  by  Jenney,  W.  P.,  The 
mineral  crest,  or  the  hydrostatic  level  attained  by  the 
ore-depositing  solutions  iu  certain  mining  districts  of 
the  Great  Salt  Lake  Basin:  Am,  Inst.  Min.  Eng  Trans 
vol.  33,  pp.  1060-1082,  1903.  ’’ 

Gives  geologic  observations  bearing  upon  tho  sub¬ 
ject  of  tho  paper  discussed. 

Sec  alto  Tower  and  Smith. 

S'“7?!;  rwourccs  of  Uinta  Reservation, 

LUah:  Mm.  World,  vol.  23,  No.  18,  pp.  491-192, 1  tig., 

iirUO, 


Spuru,  J.  E.,  Economic  geology  of  the  Mercur  mining 
district,  Utah:  U.  S.  Geol.  Survey  Sixteenth  Am*. 
Rept,,  pt.  2,  pp.  3-13—155,  pis.  25-34,  Ogs.  42-47,  189,5. 

Describes  the  general  geology  of  the  mining  district, 
the  geology  of  the  Silver  I.edge  and  the  nature  and 
origin  of  the  silver  oris,  and  the  occurrence,  character, 
and  origin  of  the  gold  ores. 

Stanton,  T.  W.,  and  Kxowlton,  F.  11.,  Stratigraphy 
and  paleontology  of  tho  Laramie  and  related  forma¬ 
tions  in  Wyoming:  Geol.  Son.  America  Bull.,  vol.  8, 
pp.  127-156,  1897.  Reviewed  in  Torrey  Hot.  Club 
Bull.,  vol.  24,  p.  26,  1897. 

Describes  the  stratigraphic  and  paleontologic 
features  of  the  various  beds. 

Stevenson,  J.  J. ,  On  the  geological  relations  of  the  lignitic 
groups  of  the  far  West:  Am.  Philoe.  Soc.  Proc.,  vol.  14, 
pp.  447-175,  1876. 

St.  John,  0.  IT.,  Report  on  the  geology  of  the  Wind  River 
district;  U.  S.  Geol.  and  Geog.  Survey  Terr.  Twelfth 
Ann,  Rept.,  pt.  1,  sec.  1,  pp.  173-269,  pis.,  maps,  1883. 

Stonp.,  G.  II.,  Notes  on  tho  asphailum  of  Utah  and  Colo¬ 
rado.  Am.  Jour.  Sci., 3d  ser.,  vol.  42,  pp.  148-109, 1891, 
Abstract  in  Am.  Naturalist,  vol.  25,  p.  1127,  1891. 

Storm,  L.  W.,  The  Valdez  gold-mining  district,  Alaska: 
Min.  and  Eng.  World,  vol.  36,  pp.  653-655, 3  figs.,  1912. 

Storks,  L.  S.,  The  Rocky  Mountain  coal  fields:  U,  S. 
Geol.  Survey  Twenty-second  Ann.  Rept.,  pt.  3,  pp. 
415-471,  2  pis.,  1  fig.,  1902. 

Describes  location,  extent,  geologic  relatione,  and 
development  of  coal  areas  in  the  Rocky  Mountains 
region,  the  occurrence,  thickness,  and  extent  of  oral 
beds,  aud  the  character,  composition,  and  utilization 
of  the  coal  and  lignite. 

Tape,  J.  A.,  Natural  coke  in  the  Wa^wtrh  Plateau.  Ab¬ 
stract  in  Science,  new  ser.,  vol.  23,  p.  695,  May  4, 1996. 

- Notes  on  the  Weber  River  coal  field,  Utah:  U.  S. 

Geol.  Survey  Bull.  285,  pp.  2S5-288,  1906. 

Describes  the  stratigraphy  and  structure  of  tho 
field,  and  the  occurrence,  character,  and  composition 
of  the  coals. 

- Book  Cliffs  coal  field,  Utah,  west  of  Green  River: 

U.  S.  Geol.  Survey  Bull.  285,  pp.  289-302,  1  pi.  (map). 
1906. 

Describes  the  stratigraphy  and  structure  of  the  field, 
and  the  occurrence,  character,  and  composition  of 
(he  coals. 

Tho  Pleasant  Valley  coal  district,  Carbon  and 
Emery  counties,  Utah:  U.  S.  Geol.  Survey  Bull.  316, 
pp.  338-363,  1  pi.,  1907. 

1  Arp,  J.  A.,  and  Smith,  C.  D.,  Ozokerite  deposits  in  Utah: 
U.  S.  Geol.  Survey  Bull.  285,  pp.  369-372,  1906. 

Describes  the  geologic  relations  of  the  deposits,  the 
character  of  the  mineral,  and  the  economic  develop¬ 
ments. 

Talmaob,  J.  E.,  A  remarkable  occurrence  of  selenite: 
Science,  vol.  21,  pp.  85-86,  1893.  Abstract  in  Am. 
Naturalist,  vol.  27,  p.  1091,  1893. 

Describes  on  occurrence  of  gypsum  in  a  cave  in 
sontheru  Utah,  and  contains  illustrations  of  cry's ta Is 
in  place. 
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T.vlmaoe,  J.  E.,  The  geology  of  Utah:  Intornat.  Min. 
Cong.  Pth:.,  4th  sess.,  pp.  42-48.  1901. 

Describes  some  of  the  geologic  features  of  the  State. 

- Seismographs  in  Utah:  Science,  new  ser,  vol.  26, 

pp.  5-56-558,  1007. 

Includes  notes  on  the  geology  in  the  vicinity  of 
Salt  Lake  City. 

- The  Deseret  Museum:  Deseret  Mus.  Bull.,  now 

ser.,  No.  1,  .12  pp.,  22  figs.,  1911. 

Includes  an  account,  with  figures,  of  mammoth 
selenite  crystals  from  southern  Utah, 

Tenney,  Fanuorn,  On  Devonian  fossils  in  the  Wasatch 
Mountains:  Am.  Jour.  Sci.,  Id  ser.,  vol,  5,  pp.  HO¬ 
MO,  1873. 

Tomlinson,  C.  \V„  The  middle  Paleozoic  stratigraphy  oi 
the  control  Rocky  Mountain  region  Jour.  Geology, 
vol.  23,-  Nos.  2-4,  pp.  112-13-1.  24  i— 257 ,  373-394,  13 
figs.,  1D17. 

Tqula,  F.,  Geolngische  Foreehungsergcbniise  aus  dem 
Flussgehiet  ties  Colorado.  Bin  Vorfrog  gehaltcn  im 
Vereine  zm  Verbreitung  nahirwissensrhofllicher 
Kenrttnisso  in  Wien  am  5  Januar  18S7,  51  po.,  Wien, 
1837. 

Tower,  G.  W.,  Jr.,  U.  S.  Geol.  Survey  Geol.  Atlas, 
T'iritdo  special  folio  (No.  65),  pp.  4-7,  1900, 

Describes  the  fracture  systems  in  the  sedimentary 
and  igneous  rocks,  the  character  of  the  ore  deposition, 
and  Iho  geological  relations  of  tbs  fire  deposits.  In¬ 
cludes  geologic  and  structure -section  maps. 

To  writ,  G.  W.,  Jr.,  and  Smith,  G.  O.,  Geology  and  mining 
industry  of  the  Tintic  district,  Utah:  U.  S.  Geol.  Sur¬ 
vey  Nineteenth  Ann.  Kept.,  pt.  3,  pp.  601-707,  pis 
73^99,  figs.  81-92,  1899. 

Describes  the  occurrence  and  character  of  the  Cam¬ 
brian  and  Carboniferous  strata  and  igneous  nicks,  the 
volcanic  and  melamorphic  phenomena,  and  the  oc¬ 
currence  and  origin  of  the  ore  bodies. 

Upuam,  Warren.  A  classification  of  mountain  ranges  ac¬ 
cording  to  their  structure,  origin,  and  ago:  Appa¬ 
lachia,  vol.  6.  pp.  191-207,  1891. 

Van  Hise,  G.  R.  See  Irving  and  Van  IJise. 

Van  Horn,  F.  B.,  The  phosphate  deposits  of  tho  United 
States:  U.  S.  Geol.  Survey  Bull.  394,  pp.  157-171, 
1909.  Rcpt.  Nat.  Conservation  Comm.,  60th  Cong., 
2d  seas.,  S.  Doc.  676,  vol.  3,  pp.  558-570,  1909.  Ab¬ 
stracts  in  Min.  and  Sci.  Press,  vol.  99,  pp.  88-90,  2 
figs.,  1909;  Mineral  resources  of  the  United  States, 
pp.  629-612,  1S08. 

Van  Horn,  F.  R.,  The  occurrence  of  bournonite,  jame- 
sonite,  and  calamine  at  Park  City,  Utah:  Am  Inst. 
Min.  Eng.  Bull.  92,  pp.  2223-2230,  1  fig..  1914. 

- Minerals  from  the  ore  deposits  at  Park  City,  Utah: 

Abstract,  with  discussion,  in  Geol.  Soc.  America  Hull., 
vol.  25,  No.  1,  pp.  47-48,  1914. 

Van  Horn,  F.  R.,  and  Hunt,  \V.  F.,  Bournonite  crystals 
of  unusual  size  from  Park  City,  Utah:  Am.  Jour.  Sci,, 
4th  ser.,  vol.  40,  pp.  145-150,  4  ligs.,  1915. 

Vivian,  A.  P.,  Wanderings  iu  the  western  land,  London, 
1879. 

Contains  geological  map  from  Colorado  to  the  Pa¬ 
cific;  scale.  45  miles  to  the  inch.  (Not  seen.) 


Wadsworth,  M.  E..  Some  paints  relating  to  the  geological 
exploration  of  the  fortieth  parallel:  Boston  Soc.  Nat. 
Hist.  Proc.,  vol.  21,  pp.  243-274,  1883. 

- - The  fortieth  parallel  rocks:  Biiston  Soc.  Nat.  Hist. 

Proc.,  vol  22,  pp.  412-432,  1881. 

See  oho  Whitney  and  Wadsworth, 

Waooaman,  W.  FT,  A  review  oi  the  phosphate  fields  of 
Idaho,  Utah,  and  Wyoming,  with  special  reference  to 
the  thickness  and  quality  of  the  deposits:  U.  S.  Dept. 
Agr.  Burr  Soils  Bull.  69,  48  pp.,  1  map,  1910. 

Waogaman,  \V.  H.,  and  Gulden,  J.  A.,  The  recovery  of 
potash  from  alunite:  U.  S.  Dept.  Agr.  Bull.  415,  14 
pp.,  1  fig.,  Oct.  10,  191G. 

Walcott,  C.  D.,  Report  on  observations  in  Nevada  and 
the  canyon  oi  the  Colorado:  U.  S.  Geol.  Survey 
Fourth  Ann.  Rept.,  pp.  44—18.  1881. 

- -  Classification  of  the  Cambrian  avsteta  oi  North 

America:  Am.  Jour.  Sci.,  3d  ser.,  vol.  32,  pp.  138-137, 
1886. 

- Second  contribution  to  the  studies  of  the  Cambrian 

faunas  of  North  America:  U.  S.  Geol.  Survey  Bull.  30. 
369  pp.,  33  pie., 1  886.  Abstract  in  Science,  Vol.  !), 
pp.  545-546,  1SS7. 

- Stratigraphic  position  of  the  Olcncllus  fauna  of 

North  America  and  Europe:  Am.  Jour.  Sci.,  3<l  ser., 
vol.  37.  pp  374-392;  vol.  3.8.  pp.  29-42,  1889.  Ab¬ 
stracts  in  Nature,  vol.  40,  pp.  OS,  310-311;  New  York 
Acad.  Sci.  Tmns.,  vol.  8.  p.  176,  1889. 

- The  fauna  of  the  Lower  Cambrian  or  OUnrlhtx  zone; 

11.  S.  Geol.  Survey  Tenth  Aun.  Rept  .,  pt.  1,  pp.  509- 
760,  pis.  43-98,  1890.  Abstracts  in  Am.  Jour.  Sci., 
3d  ser.,  vol  42,  pp.  345-346;  Aui.  Geologist,  vol.  8, 
pp.  82-86  (by  J.  F.  James),  1891. 

- Correlation  papers;  the  Cambrian  group  of  rocks  in 

North  America;  U.  S.  Geol.  Survey  Bull.  81,  447  pp  . 
3  pis.,  1891. 

- Cambrian  geology  and  paleontology,  No.  5;  Cam¬ 
brian  sections  of  the  Cordilleran  area:  Smithsonian 
Misc.  Coll.,  vol.  53,  pp  167-230,  10  pis..  3  tigs.,  190S. 

- Cambrian  geology  and  paleontology,  No.  1;  Nomen¬ 
clature  of  some  Cambrian  Cordilleran  formations: 
Smithsonian  Mine.  Coll.,  vol.  53,  pp.  1  12,  1908. 

Walther,  Johannes,  A  eomparisou  of  the  deserts  of 
North  America  with  those  of  North  Africa  and  northern 
India  (abstract  of  paper  read  before  Geographical 
Society  of  Berlin):  Science,  vol,  19,  p.  158,  1892. 

- The  North  American  deserts:  Nat.  Gcog.  Mag., 

vol.  4,  pp.  163-176,  1892. 

Describes  the  badlands  of  Dakota,  the  region  about 
Great  Salt  Lake,  and  the  Mohave  Desert  and  compares 
them  with  the  deserts  of  northern  Africa.  Discusses 
the  causes  of  erusion  in  the  canyon  of  the  Colorado. 

Warren,  G.  K.,  An  essay  coucoming  important  physical 
features  exhibited  in  tho  valley  of  the  Minnesota 
River,  and  upon  their  signification:  Report  of  the 
result  of  the  examination  and  survey  of  tho  Minnesota 
River,  43d  Cong.,  2d  sess.,  11  Ex.  Doc.  76,  pp.  G-23, 
pis.,  1875.  Abstract  in  Am.  Jour.  Sci.,  3d  scr.,  vol. 
9,  p.  313,  1875. 

Warwick,  A.  W.,  The  iron  ores  of  tho  Uinta  Mountains: 
Min.  Rept.,  vol.  50,  pp.  166-1G7,  1904. 

Describes  the  geology  and  the  character  and  occur¬ 
rence  of  ireu-ore  deposits, 
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ORE  DEPOSITS  OF  UTAH. 


Watth  A.  C.,  Coal-mining  method*  in  Utah:  Colorado 
School  Mines  Mag.,  vcl.  6,  No.  0,  pp.  197-201,  2  figs. 


September,  1916. 

_ _ _  Coal-mining  methods  in  l  tali:  Coal  Age,  vol.  l>, 

No.  G,  pp.  21-1-219,  G  figs.,  Aug.  5,  1&1G. 

Weed  W.  H.,  The  copper  mines  of  the  United  Slates  in 
1305:  U.  S.  Geol.  Survey  Bull.  255,  pp.  93  124,  2  figs., 


1906. 

Describes  the  general  condition  of  the  copper 
industry  in  the  United  State*,  and  the  geology, 
character,  occurrence,  and  other  features  of  the  .  upper 


White,  C.  A.,  Fossils  ef  the  Laramie  group:  U.  S.  Geol. 
and  Geog’.  Survey  Terr.  Twelfth  Ann.  Kept. ,  for  1878, 
pt.  1,  pp.  49-103,  pis.  20-30,  1S33. 

_ A  review  of  the  nonmarine  fossil  Molluscaof  North 

America:  U.  S.  Geol.  Survey  Third  Ann.  Kept.,  pp. 
-1G3-555,  pis.  1-32, 1883.  Abstract*  in  Am.  Jour.  Sci., 
3d  ser.,  vol.  27,  pp.  68-4(9,  188-1;  Am.  Naturalist,  vcl. 
17,  pp.  7G5-7G7,  18S3. 

_ Certain  Tertiary  Moiluaca  frem  Colorado,  Utah, 

and  Wyoming:  U.  S.  Geol.  and  Geog.  Survey  Terr. 
Twelfth  Ann.  Kept.,  pt.  1,  pp.  -H-I8,  1>I*.,  IS83. 


ores  of  the  several  States. 

Weeks,  F.  B.(  Stratigraphy  ami  structure  of  the  Uinta 
flange:  Geol.  Soc.  America  Bull.,  vol.  18,  pp.  427- 
448,  6  pis.,  3  figs.,  1907. 

Describes  the  occurrence  and  i elation*  of  pre 
Cambrian,  Paleozoic,  Mesozoic,  ami  Tertiary  forma¬ 
tions,  and  tha  geologic  structure  of  the  region 

_ Phosphate  deposita  in  the  western  United  Stales: 

Li.  8.  Geol.  Survey  Bull.  340,  441  -1-47.  lf'OS. 

Weeks,  F.  B.,  and  Ferrieh,  W.  F  ,  Phosphate  deposit*  in 
western  United  Stales:  U.  S.  Geol.  Survey  Bull.  315. 
pp.  .149-152  1  pi  .  3  figs.,  1907.  Abstract  in  Science, 
new  set.,  vol.  25,  pp.  620-621,  1907. 

Wkokmann,  C.  II.,  The  Coalville  coal  field,  Utah:  U.  8. 
Geol.  Survey  Bull.  581,  pp.  161-184,  G  pis.  (incl. 
map),  1915. 

Wells,  fl.  C.,  and  Butler,  B.  S.,  Tungstcnito,  a  new 
miueral:  Washington  Acad.  Sci.  Jour.,  vol.  7,  No.  20, 
pp.  596-599,  Dec.  4,  1917. 

White,  C.  A.,  Remark*  on  the  paleontological  character¬ 
istics  of  the  Ceuozok.  and  Mesozoic  groups  a*  developed 
in  the  Green  River  district:  If,  S.  Geol.  and  Geog. 
Survey  Terr.  Bull.,  vol.  3,  pp.  626-629,  1877.  Ab¬ 
stract  in  Am.  Jour  Sci.,  3d  aer.,  vol.  14,  p.  155,  1877. 

- Remark*  upon  the  Laramie  group:  U.  S.  Geol.  and 

Geog.  Survey  Terr.  Bull.,  vol.  4,  pp.  865-876,  1878. 

— — -  Report  on  the  geology  of  a  portion  o:  northwestern 
Colorado;  U.  S.  Geol.  and  Geog.  Survey  Terr.  Tenth 
Ann.  Rep’t.  for  1876,  pp.  1-60,  1878.  Abstracts  in 
Am.  Naturalist,  vol.  II,  pp.  84-86,  1877;  Am.  Jour. 
Sci.,  3d  scr.,  vol.  13,  pp.  72-74,  1877. 

- Report  ou  the  paleontological  field  work  for  the 

M-naon  of  1877:  U.  S.  Geol.  and  Gecg.  Survey  Terr., 
Eleventh  Ann.  Kept.,  pp.  161-272,  1879.  Abstracts 
in  Ain,  Naturalist,  vol.  12,  pp.  103-106,  1S78;  Am. 
Jour.  Sci ,  3d  ser.,  vol.  10,  p.  69,  1878. 

- Remarks  upon  certain  Carboniferous  fossils  irom 

Colorado,  Arizona,  Idaho,  Utah,  and  Wyoming,  and 
certain  Cretaceous  corals  from  Colorado,  togethor  with 
descriptions  of  new  form*:  U.S.  Gaol,  and  Geog.  Sur¬ 
vey  Terr.  Bull.,  vol.  5,  pp.  209-221,  1579.  Abstract 
in  Am.  Jour.  Sci.,  3d  ser.,  vol.  IS,  p.  -109,  1879. 

- Remarks  on  the  Jura-Triaa  oi  western  North  A  racr- 

ica:  Am.  Jour.  Set  ,  3d  rer.,  vol.  17,  pp.  214-218,  1879. 

- -  Invertebrate  paleontology  of  the  Plateau  province, 

together  with  notice  of  a  few  species  from  localities 
beyond  its  limit*  in  Colorado;  Report  on  the  geology 
of  the  eastern  portion  of  tho  Uinta  Mountains,  pp.  vii, 
74-135,  U.S.  Geol.  and  Geog.  Survey  Terr.,  2d  div.'  '< 
1S76.  Abstract  in  Am.  Jour.  Sci.,  3d  aer  vol  11 
p.  161,  1876.  ''  '  ’ 


_ Notes  on  t.he  Jurassic  strata  of  North  America: 

Am.  Jour.  Sci.,  3d  ser.,  vol.  29,  pp.  277-280,  1885. 

- On  the  relation  of  the  Laramie  molluscan  fauna  to 

thtU  of  the  succeeding  fresh-water  Eocene  and  other 
groups:  U.  S.  Geol.  Survey  Bull.  34,  54  pp.,  5  pis., 
1886.  Abstract*  in  Science,  vol.  10,  pp.  128-127,  1888; 
Pop.  Sci.  Monthly,  vol.  33,  p.  420,  1888. 

- Mountain  upthrusts:  Am.  Naturalist,  vol.  22,  pp. 

399-408,  1888. 

- Report:  Mesozoic  division  of  invertebrate  paleon¬ 
tology:  U.  S.  Geol.  Survey  Seventh  Ann.  Rept.,  pp. 
117-120, 1SSS. 

- On  the  geolcgy  and  physiography  of  a  portion  of 

northwestern  Colorado  and  adjacent  points  of  Utah 
and  Wyoming:  U.  S.  Geol.  Survey  Ninth  Anu.  Rept., 
pp.  677-712,  pi.  S8,  1889.  Abstract  in  Am.  Geolo¬ 
gist.  vol.  7,  pp.  37-58,  1891, 

- Correlation  papers,  Cretaceous;  a  review  of  the 

Cretaceous  formations  of  North  America:  U.  S.  Geol. 
Survey  Bull.  82,  273  pp.,  3  pis.,  1891. 

Whithki.i),  R.  P.  Sec  Hall  and  Whitfield. 

Whitney,  J.  I).,  On  the  climatic  changes  of  later  geologi¬ 
cal  times:  Harvard  Coll.  Mus.  Comp.  Zool.  Memoirs, 
vol.  7,  pi.  2,  pp.i-xiv,  1-394, pis.,  1884.  Reviewed  in 
Science,  vol.  1,  pp.  141-142,  169-178,  192-195,  13S3. 
Abstract  in  Am.  Jour.  Sci,,  3d  ser.,  vol.  21,  pp. 
149-150,  1SS1. 

Whitney,  .1.  D.,  and  Wadsworth,  M.  E.,  The  Azoic 
system  and  its  proposed  subdivisions:  Harvard  Coll. 
Mus.  Comp.  Zool.  Bull.,  vol,  7,  pp.  331-566,  1884. 
Reviewed  in  Am.  Jour.  Sri.,  3d  aer.,  vol.  2S,  pp. 
313-314,  1584. 

Williams,  H.  S.,  Correlation  papers,  Devonian  and  Car¬ 
boniferous:  U.  S.  Geol.  Survey  Bull.  80,  279  pp., 
1S91. 

Wilson,  G.  B.,  Geology  oi  the  Flonerinc  mine,  Stockton, 
Utah;  Eng.  and  Min.  Jour.,  vol.  85,  pp.  869-870, 
190S. 

WiNciiKLL,  N.  H.,  The  colossal  bridges  ci  Utah:  Am. 
Geologist,  vol.  34,  pp.  189-192,  1  fig.,  1904. 

Describe*  briefly  these  arches  produced  by  erosion, 
situated  in  San  Juan  County,  Utah. 

Winchester,  D.  E.,  Oil  shale  in  northwestern  Colorado 
and  adjacent  areas:  U.  S.  Geol.  Survey  Bull.  G41, 
pp.  139-198,  10  pis.  (inel.  ninpH),  2  tigs..  Dee.  18,  1916. 

Oil  Bhale  in  the  United  States:  Econ.  Geology, 
vol.  12,  No.  6,  pp.  505-518,  2  pla.,  2  lies.,  September, 
1917. 
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Wis-atow,  AiiTHun,  A  natural  bridge  in  Utah;  Science, 
now  ser.,  vol.  7,  pp.  557-55S,  2  figs.,  1398. 

Describes  its  character  and  origin. 

Wood  a  UKK,  E.  Marsh  g.a  along  Grand  River  near 
Moab,  Utah:  U.  R.  Geol.  Survey  Dull.  '171,  pp 
7 (>-104,  2  pis.  (maps),  1  fig..  1912, 

- Geology  of  the  San  Juan  oil  field,  Utah:  U.  S. 

Geol.  Survey  Bull.  -171,  pp.  78-101,  2  pis.  (maps), 

1  fig.,  1912. 

WooDRUfK,  E.  G.,  and  Day,  D.  T.,  Oil  shale  of  north- 
western  Colorado  and  northeastern  Utah:  U.  S.  Gool. 
Survey  Bull.  581,  pp.  1-21,  1  pi.  (map),  191-1. 

- Bituminous  ehalo  in  northwestern  Colorado  and 

northeastern  Utah:  Abstract  in  Washington  Acad.  Sci. 
Jonr..  vol.  4,  No.  7,  pp.  170-171,  1914. 

Woodward,  R.  S.,  On  dciforraatim:  of  thegeoid  by  removal 
through  evaporation  of  tho  water  of  lake  Bonneville 
U.  R,  Geol.  Survey  Mon.  1,  pp.  121-121,  1890, 
WnuiHT,  F.  E.  See  Hillebr.md  and  Wright;  ITillebnind, 
Wriglit,  end  Merwin. 

Zauxski,  E.  R.,  Ore  occurrence  at  Forluna  mine,  Ring- 
ham:  Eng.  and  Min.  Jour.,  vol.  8(1,  pp  1191-1195,  5 
figs.,  1908. 

Describes  the  local  geology,  and  the  character,  oc¬ 
currence,  and  genesis  of  tho  copper  ores  near  Bing¬ 
ham,  Utah. 

- Amatrice,  a  new  gem  atone  of  Utah:  Bug.  and 

Min.  Jour.,  vol.  87,  pp.  1039-1039,  2  figs.,  1909 
Describes  tho  gom  material  and  its  geologic  occur¬ 
rence  in  Tooele  County,  Utah. 

- —Discussion  of  oxidized  zinc  ores  at  Tintic,  giving 

analyses:  Eng.  and  Min.  Jour.,  p.  1305,  1914. 

- Occurrence  of  oxidized  zinc  oree  at  Tintic:  Eng. 

and  Min.  Jour.,  p.  1228.  1913. 

- Ore  occurrence  at  Little  Bell  mine,  Park  City, 

Utah:  Eng.  and  Min.  Jour.,  vol.  91,  pp.  1101-1103, 
4  figs.,  1911. 

Describes  the  local  geology  and  the  character,  oc¬ 
currence,  and  relations  of  the  silver-lead  ores. 

- Occurrence  of  oxidized  zinc  ores  at  Tintic,  Utah: 

Eng.  and  Min.  Jour.,  vol.  95,  No.  25,  pp.  1227-1228, 

2  figs.,  1913. 

Ziukei.,  Feudimaxd,  Microscopical  petrography:  U.  S. 
Geol.  Expl.  -10th  Par.,  vol.  6,  297  pp.,  12  pis.,  1876. 
Reviewed  in  Ant.  Jour.  Sci.,  3d  ser.,  vol.  13,  pp. 
309-313,  1877. 

- -  Romo  remarks  upon  the  petrographical  collection 

of  the  geological  exploration  of  the  fortieth  parallel: 
Boston  Soc.  Nat.  Hist.  Proc.,  vol.  22,  pp.  109-116, 
1884. 

Anonymous.  The  geology  of  Stateline  district,  Utah 
Salt  Lake  Min.  Rev.,  vol.  9,  No.  23,  pp. 15-17,  2  figs., 
>908. 

- - Genesis  of  the  porphyry  ores:  Mince  and  Methods, 

vol.  1,  No.  12,  pp*  391-394,  1  fig.,  1910. 

Discusses  the  genesis  of  copper  ores  at  Bingham, 

Utah. 

- - — Development  of  the  Green  River  oil  fields,  Utah 

Salt  Lake  Min.  Rev.,  vol.  14,  No.  4,  pp.  11-14,  3  figs., 
1912. 

Includes  notes  on  the  geology  of  the  field. 


GEOGRAPHY. 

As  Utnh  lies  in  both  the  Plateau  and  the 
Great  Basin  provinces  of  tho  Cordilleran 
region  it  possesses  a  groat,  variety  of  geographic 
and  climatic  features.  Tho  differences  in  tho 
latitude  and  the  altitude,  of  the  different 
sections  result  in  temperature  differences, 
ranging  from  sernitropical  to  semifrigid  and 
in  equally  marked  differences  in  precipitation. 
The  topographic  and  climatic  conditions  have 
exerted  a  marked  influence  on  tho  develop¬ 
ment  of  the  industries  of  tho  State 

TOPOGRAPHY. 

RELIEF. 

The  most  important  physiographic  frontier 
in  Utnh  sweeps  ns  a  curve  of  gentle  westward 
concavity  from  about  the  middle  of  the  north¬ 
ern  boundary  to  the  southwest  corner  of  the 
State.  Tho  part  of  Utah  lying  west  of  this 
hue  is  almost  entirely  witliiu  the  Great,  Basin; 
the  larger  part  of  the  State  which  lies  to 
tho  cast  belongs  to  tho  Plateau  province  as 
defined  by  Powell,  but  as  some  parts  of  it 
have  not  the  plateau  character  it  may  be  best 
designated,  as  u  whole,  the  eastern  section. 

Tho  typical  features  of  the  Great  Basin,  a 
vast  region  having  no  outlet  to  the  sea  and 
characterized  topographically  bv  tho  alter¬ 
nation  of  relatively  broad,  coalescing  desert 
valleys  with  relatively  narrow  mountain  ranges 
of  general  north-south  trend,  are  well  epito¬ 
mized  in  western  Utah.  The  Raft  River 
Mountains,  in  the  northwest  corner  of  the 
State,  are  exceptional  in  their  east-west 
elongation  and  irregular  plan,  but  these  be 
on  the  very  border  of  the  province,  the  drain¬ 
age  of  their  northern  flank  being  tributary  to 
Snake  River.  The  other  ranges  of  western 
Utah  are  typical  in  trend  and  form.  They 
rise  like  islnnds  and  peninsulas  above,  a  desert 
floor,  large  parts  of  which  appear  almost  as 
level  as  a  sea.  The  broadest  open  portion 
of  this  surface,  the  Great  Salt  Lake  Desert, 
is  one  of  the  most  extensive  arid  plains  in 
the  whole  Great  Basin,  as  Great  Salt  Lake 
is  by  far  tho  largest  of  the  saline  lakes  in  which 
the  rivers  of  that  province  generally  terminate. 

Despite  the  apparent  flatness  of  the  desert 
floor,  its  elevation  ranges  from  about  4,300 
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feet  at  the  shore  of  Great  Salt  Lake  to  nearly 
6,000  feet  at  the  head  of  Escalante  Desert. 
It  rises  gradually  southward  as  a  whole,  and 
the  border  of  each  desert  valley  slopes  gently 
upward  toward  the  bordering  mountains,  lhe 
broad  valley  floors  are  but  slightly  intrenched 
by  tho  few'  streams  that  reach  them;  their 
borders  arc  somewhat  diversified,  however,  by 
the  erosive  work  of  mountain  streams,  and 
in  places  by  tho  abandoned  shore  features  of 
Lako  Bonneville,  of  which  Great  Salt  Lake  is  a 
shrunken  remnant.  Some  of  tho  isolated 
mountain  ridges  rise  4,000  to  5,000  feet  above 
tho  general  surface  of  the  desert,  and  some  of 
thoir  highest  peaks  are  moro  than  12,000  feet 
above  sen  level.  Their  topography  is  neces¬ 
sarily  rugged  bocauso  of  their  relatively  high 
and  naiTow  form. 

The  eastern  section  of  Utah  has  fur  less  unity 
of  character  than  the  western  or  Great  Basin 
section.  Powell,1  indeed,  assigned  the  eastern 
section  as  a  whole  to  the  Plateau  province,  and 
this  assignment  may  in  a  measure  be  justified. 
Viewed  in  a  very  broad  way,  the  region  is  a 
rolling  upland  surface;  it  is  high  above  sea 
level,  and,  although  a  largo  part  of  its  surface 
is  lower  than  the  Escalante  Desert,  all  of  its 
western  margin  stands  above  the  desert  floor 
of  tho  Great  Busin. 

The  physiographic  unity  of  tho  region  is, 
however,  interrupted  in  tho  northeastern  part 
of  tho  Stato  by  two  great  mountain  ranges, 
the  Wasatch  and  the  Uinta,  which  can  not  be 
neglected  in  any  but  the  broadest  classifica¬ 
tion.  Tho  Wasatch  Mountains,  which  rise  di¬ 
rectly  from  the  eastern  limit  of  the  Great 
Basin,  extend  from  southern  Idaho  to  the  town 
of  Nephi,  near  the  center  of  Utah.  The  Uinta 
Range  nearly  meets  the  Wasatch  about  south¬ 
east  of  Salt  Lake  City  and  extends  eastward 
into  Wyoming  and  Colorado,  the  axes  of  the 
two  ranges  running  nearly  at  right  angles  to 
each  other.  The  classification  adopted  re¬ 
cently  by  tho  physiographic  committee  includes 
both  tho  Wasatch  and  Uinta  ranges  in  tho 
northern  Rocky  Mountain  province,  assigns 
the  tract  in  the  angle  northeast  of  thorn  to  tho 
Wyoming  Basin — a  subprovinco  of  the  Rocky 
Mountains— and  leaves  to  the  Plateau  prov¬ 
ince  only  that  part  of  tho  eastern  section  of 
Utah  that  lies  south  of  tho  Uinta  Range. 
According  to  this  scuenie  tho  Plateau  province 

J  1 ■  “•IW  ™  S'-oVkt  ot  U»  erumra  of  tin. 

Lima  Mountains:  U.  3.  Geo),  ana  Q*og.  Surrey  Torr.,  24  (Uv.,  lg7iV. 


described  by  Powell  is  divided  by  a  physio¬ 
graphic  boundary  of  the  first  rank — tho  common 
limit  of  the  northern  Rockies  and  of  the 
Plateau  region  in  tho  narrower  sense. 

A  mental  picture  of  the  eastern  section  of 
Utah  is  most  easily  formed  by  bearing  in  mind 
these  four  main  subdivisions — the  Plateau 
region  at  tho  south,  tho  Wasatch  Range  along 
the  northwest  border,  tho  Uinta  Range  ex¬ 
tending  eastward  from  the  Wasatch,  and  tho 
Wyoming  Basin  overlapping  slightly  tho  north¬ 
eastern  reentrant  of  the  State  boundary. 
The  relief  of  each  of  these  subdivisions  may 
now  bo  briefly  characterized. 
f  Tho  Plateau  region  is,  broadly  speaking,  a 
'gently  rolling  surface  deeply  intrenched  by 
streams,  being,  unlike  the  desert  floor  of  the 
Great  Basin,  diversified  chiefly  by  depressions 
rather  than  by  prominences;  but  a  few  clusters 
of  knoblike  mountains — the  Henry,  Abajo, 
and  La  Sal  groups  and  Navajo  Mountain — arc 
superposed  upon  the  plateau  surface.  The 
elevation  of  this  surface  ranges  from  more  than 
9,000  to  about  3,000  feet;  it  decreases  on  the 
whole,  though  by  no  means  uniformly,  south¬ 
ward  and  sou th westward  from  the  base  of  the 
Uinta.  Mountains.  The  deepest  intreiiclunent 
has  been  effected  near  the  southern  boundary 
of  the  State  by  Colorado  River,  the  bottom  of 
whose  canyon  is  there  about  4,000  feet  below 
the  top  of  the  neighboring  Kuiparowits  Plateau. 
The  walls  of  this  canyon  and  of  others  in  the 
nearly  horizontal  strata  that  underlie  most  of 
the  region  tend  to  simulate  the  w'ell-known 
style  of  the  Grand  Canyon  of  Arizona,  with  its 
characteristic  alternation  of  talus,  cliff,  and 
terrace,  and  much  of  the  upland  surface  is 
diversified  by  ‘  ‘  badland  ”  topography  and  other 
picturesque  details.  The  superposed  moun¬ 
tains,  which  differ  from  the  plateaus  in  structure 
and  in  scidpture,  attain  elevations  of  about 
11,000  feet  above  sea  level,  or  5,000  feet  above 
the  surrounding  plateau  surfaces. 

Tho  Uinta  Mountains  are  simpler  than  most 
ranges  in  form  and  structure,  having  been  pro¬ 
duced  principally  by  uplift  along  an  east  and 
west  axis  in  such  maimer  that  their  typical 
cross  section  is  essentially  a  flaGtopped  but 
rather  steep-sided  arch.  Tho  Uinta  was  re¬ 
garded  by  Powell  as  a  plateau,  and  structurally 
|  it  is  one,  but  its  great  height  and  deep  dissec¬ 
tion  justify  its  usual  designation  as  a  mountain 
|  range.  In  its  axial  part  broad  glaciated  amphi- 
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theaters  and  canyons  alternate  with  flat  or 
acute  ridges  and  summits,  many  of  which  are 
more  than  10,000  feet  and  the  highest  more 
than  13,000  feet  above  sea  level.  The  range 
has  a  well-defined  western  terminus  at  Kamas 
Prairie  but  is  not  very  sharply  delimited  on 
the  north  and  south  from  the  Wyoming  Basin 
and  the  Plateau  region. 

The  Wyoming  Basin,  of  which  Utah  contains 
but  a  very  small  part  and  with  which  this  re¬ 
port  is  little  concerned,  may  bo  dismissed  with 
the  statement  that  it  bears  some  general  resem¬ 
blance  to  tho  Plateau  region. 

The  Wasatch  Mountains  are  far  more  hetero¬ 
geneous  and  complex  than  the  Uinta  Mountains 
and  are  divisible  into  thr^e  sections  of  markedly 
di/Tering  character. 

The  southern  Wasatch  extends  from  the 
southern  terminus  of  the  range,  at  Nephi,  to 
the  canyon  of  the  American  Fork.  It  consists 
of  a  curving  row  of  lofty  peaks  and  ridges 
which  rise  abruptly  both  from  the  desert  floor 
on  the  west  and  from  the  plateau  surface  on 
the  east,  and  which  are  separated  from  each 
other  by  canyons  that  head  far  eastward. 
The  highest  mountain  of  the  southern  Wasatch 
is  Mount  Timpauogos,  which  stands  11 ,9o7  feet 
above  sea  level  and  more  than  7,000  feet  above 
the  town  of  Pleasant  Grove,  which  lies  at  its 
base. 

Tho  middle  Wasatch  extends  from  the 
American  Fork  to  Weber  River.  Unlike  the 
southern  section,  hut  Like  most  other  mountain 
ranges,  it  has  a  persistent  muin  divide,  namely, 
tho  watershed  that  parts  the  tributaries  of 
Wober  and  Provo  rivers  from  the  short  streams 
that  reach  the  Great  Basin  moro  directly,  Tho 
loftiest  part  of  this  section — that  lying  south  of 
Salt  Lake  City — resembles  the  southern  Wa¬ 
satch  in  that  its  highest  peaks  lie  west  of  tho 
main  divide  and  rise  abruptly  from  the  desert; 
but  these  peaks  do  not  form  a  prominent  row 
and  are  connected  with  the  divide  by  nearly 
level  spurs.  The  highest  summits  are  about 
11,000  feet  high.  Tho  east  side  of  this  broad, 
massive,  rugged  portion  of  tho  range  descends 
about  3,000  feet  or  moro  to  tho  prairie  zono  that 
separates  it  from  tho  Uinta.  North  of  Salt 
Lake  City  the  divide  lies  farther  west,  Is  con¬ 
siderably  lower  than  to  tho  south,  and  is  really 
nothing  moro  than  the  western  edge  of  the 
deeply  dissected  Wyoming  Basin. 


The  northern  Wasatch,  which  extends  from 
Weber  Rivor  into  southern  Idaho,  has  two 
branches  that  are  separated  by  tho  broad 
Logan  Valley.  Tho  western  branch,  which 
may  bo  called  the  northern  Wasatch  proper,  is 
a  narrow  ridge  that  is  about  10,000  feet  in 
maximum  height  but  becomes  lower  and  loss 
continuous  uorthward.  The  eastern  branch, 
generally  called  the  Boar  River  Range  or 
Plateau,  maintains  more  uniformly  this  level 
of  about  10,000  foot;  it  merges  rather  gradu¬ 
ally  ou  the  enst  with  tho  dissected  upland 
margin  of  the  Wyoming  Basin. 

DU. MX  AGE. 

The  extreme  northwestern  part  of  Utah 
drains  by  way  of  Raft  Rivor  to  Snake  River. 
The  drainage  of  tho  remainder  of  tho  State  is 
divided  almost  equally,  in  the  nronl  sonse,  be¬ 
tween  tho  Great  Basin  aud  Colorado  River,  for 
much  of  the  larger  eastern  section  of  tho  Stnto  \ 
drains  into  tho  western  or  Great  Basin  section, 
whose  drainage,  by  definition,  Is  self-contained. 
The  course  of  tho  divide  between  these  two 
main  dmiuage  areas  is  extremely  tortuous. 

The  distribution  of  the  streams  in  tho  eastern 
section  shows  remarkable  disregard  of  physio¬ 
graphic  boundaries.  Most  of  the  section  is 
drained  by  Colorado  River,  of  which  Green 
River  is  the  main  branch  and,  in  all  but  name, 
the  uppor  headwater  portion.  Green  River 
crosses  tho  eastern  Uinta  Mountains  in  Colo¬ 
rado  by  way  of  a  profound  canyon,  through 
which  it  drains  a  large  part  of  the  Wyoming 
Basin.  Its  tributaries  also  drain  the  greater 
part  of  both  flanks  of  the  Uinta  Range.  Most 
of  the  Plateau  region  is  drained  by  the  Colo¬ 
rado  through  Green  River  and  other  tributaries, 
the  largest  of  which  aro  Grand,  Fremont,  San 
Juan,  and  Virgin  rivers.  Tho  longest  stream 
that  flow's  from  the  eastern  section  of  Utah  to 
the  Great  Basin  is  Bear  River,  which  rises  in 
the  southwestern  corner  of  the  Wyoming 
Basin,  flows  northward  through  Bear  Lake 
into  Idaho,  turns  abruptly  southward  into 
Utah,  and  finally  empties  into  Great  Salt 
Lake.  Other  streams  that  flow  from  the 
Wnsatch  Mountains  or  the  plateaus  to  the 
Great  Busin  are  the  Ogden,  Weber,  Provo, 
Spanish  Fork,  and  Sevier.  All  these  rivers 
but  the  last  cut  across  the  Wasatch  Range, 
whose  east  flank  is  drained  by  them,  its  run-off 
thus  being  wholly  tributary  to  tho  Great  Basin. 
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Only  two  streams  not  Already  mentioned  flow 
far  on  the  floor  of  the  Groat  Basin — tlic  Jordan 
runs  from  Utah  Lako  to  Great  Salt  Lake;  Lhe 
Soviet  I'inks  in  tho  Sevier  Desert  and  Lake.  A 
few  oilier  small  streams  flow  into  Great  Salt 
Lake.  Few  of  those  that  rise  in  the  basin 
ranges  persist  far  into  the  deport.  Many  of 
the  lower  range*  give  rise  to  no  perennial 
stn-ikins,  their  only  permanent  water  supply 
being  derived  from  springs. 

CLIMATE. 

The  variation  in  climate  of  different  parts  of 
Utah  depends  chiefly  on  the  altitude  and  in  less 


degree  on  tho  latitude.  In  the  Great  Basin 
region  there  ore  no  great  extremes  of  either 
heat  or  cold.  In  the  lower  valleys  Lhe  summer 
temperature  is  sometimes  disagreeably  warm 
but  in  tho  mountains  it  is  usually  moderate. 
The  cold  in  winter  is  rarely  extreme.  In  tho 
higher  portions  of  the  State,  as  the  Uinta  and 
Wasatch  mountains  and  portions  of  the  Plateau 
region,  tho  summers  are  short  and  cool  and 
the  winters  are  frequently  extremely  cold  and 
long.  In  the  lower  areas,  in  the  southern  part 
of  the  State,  notably  along  Virgin  River 
(Dixie),  tho  summers  are  hot  nnd  tho  winters 
ure  mild,  snow  rarely  accumulating. 


lanncralure  (•/.)  at  itahont  in  Utah  to  end  of  13!S. 
Wcatrni  14*11, 
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12 
23 

23 

15 
IT 
28 
10 
12 

17 

25 

18 
12 

26 
17 
27 
26 
11 
22 
lfl 
17 
12 
15 
27 
15 
27 
1!) 

24 
23 

14 
44 

23 

24 

13 
21 
22 

14 

23.1 

26.1 
25.  1 

32.2 

24.4 
26.6 

27.9 
29.  1 

30.5 

31.9 

27.8 
27.0 

20.9 
22.  1 
2L  7 
22.0 

21.3 

24.5 

24.1 

22.5 

24.8 

23.2 

27.3 

22.9 

27.7 

29.3 
23.  0 
29.0 

20.6 

26.9 

26.3 
28.0 
20. 2 

27.3 

22.7 

17.7 

24.2 

29.2 

15.3 

30.1 

31.8 

28.8 

35.1 

29.8 

31.2 

31.  4 
23.0 

34. 1 
33.  1 

32.6 
30.4 
23.  9 

23.8 

27.9 

27.2 

21.7 

23.6 
26.  7 
29.1 

25.3 
31  0 

30.9 

26.7 
31.0 

32.  1 
25.  8 

31.9 
30.  1 

31.4 
32.0 

32.7 

33.  4 

31.3 

27.3 

21.8 

29.4 
32.  6 
16.7 

So  2 

40. 6 

37.9 

41.8 

39.8 

40.6 

40.7 

40.7 

41.7 
38.  8 

40.3 

38.3 

33.9 

35.2 

35.6 

38.  4 
20. 0 

37.  1 

:it>  o 

39.  9 

37.8 

37.7 
3S.  8 

35.9 
38.1 

40.  6 

30.3 

29.3 
25  5 

39.  2 

40.  1 

40.9 
41.6 

38.  6 

35. 8 
22  4 

30.9 

39.8 

27.8 

45.3 

48. 1 
50  8 
48  4 

50  1 

48.2 

50.1 
42  8 
50.0 

46.5 

48.4 

46.6 

41.2 
4t.  1 

44.7 

47.3 
41.  1 

10.4 

47.6 

47.2 

46.  1 
45.0 
45.9 

45.6 

47.5 

51  4 

39.8 

47.  1 
43.0 

48.4 

47.8 
50.  1 
50.0 
46.  S 
45.  5 

39.5 
47.0 

48.7 

40.3 

60  8 

55.  2 
60.  9 

56.4 
59.  4 

65.8 

56.8 

56.2 

57.8 

54.9 

55. 2 
53.  1 

51.5 

50.8 
42  5 

56.2 

48.9 
52.  5 

54.4 
5:1.3 

64.5 
61  0 

52.  8 

61.6 
64.  9 

59.1 

48.8 

6  5.  6 

48.9 

56.  6 

64.9 
57.0 
67.  4 

53.2 

53.  1 
46.6 
53.0 
55.4 

46.9 

CO.  8 
62.8 
70.3 
G5.9 

69.7 
65.0 
67.0 

64.7 

67.6 

67.7 

51.2 
63.0 
59.  1 

58. 2 
56.  7 
66  4 

56.7 

63.6 

63.2 
62. 1 

63.3 

69.7 
63.0 

50. 3 
63.9 

68.8 
56  9 
64  l 
5S.  5 

64.2 
53  4 

66.4 
67.0 
62  7 

60.2 

53.5 

61.6 
65.2 
65.0 

07.8 

70.6 

78.9 

72.9 
78.0 

72.5 
74  4 
72.  8 

75.2 

73.6 
72.  0 

72.8 
5>.  7 
05. 1 
65.  8 

74.9 

64.6 
71.  1 

71.7 

71.3 

69.4 
CO.  0 

74.5 

66.4 

71.7 

76.5 
63.  7 

70.5 
06.  0 
72.2 
70.  3 
71  9 
76. 0 

69.7 
68.  4 
60  5 
69.4 
73.0 
60,  7 

67.1 
68.9 

77.3 

70.4 
74.0 

71.4 

73.6 

70.8 
71.  4 
67.0 

70.5 

71.9 

64.5 
63  9 
65  9 
71.9 

63.2 

69.3 
70.  8 

70.5 

67.3 
65.  0 

69.2 
05.7 

71.4 

75.4 
62.0 

60.6 

64.3 

70.3 
68. 1 

73.7 

74.8 
08.  1 
67  2 

60.3 

68.4 

72.5 
69.  6 

57.8 

59.2 

63.5 
61  8 

64.6 

60.6 

62.7 

69.9 

64.8 
62.6 
61.6 
61  0 

55. 2 

54.7 
66.6 
69.  7 

53.7 
60.0 

61.2 

69.8 
69.0 
5S.0 

69.5 

56.3 
61.0 
63.0 

55.2 
60. 1 

53.2 

60.4 

63.9 

63.3 
64  1 
69.2 

57.6 
61.1 

67.9 
62.8 
51.0 

47.6 
48.0 
60.0 

50.6 
50.8 

49.2 

50.5 

49.5 

52.6 

49.3 
48.  2 
49.0 

45.3 
45  2 

44.7 
47  4 
43  5 

47.5 

49.8 
46.0 

47.8 

47.2 

48.3 
40.0 

49.4 

51.  1 

4  5.  3 
49.4 
44.3 
49.0 

48.2 

50.6 

52.  1 

47.7 

46.9 

41.2 

47.8 

60.3 
40.6 

38.7 

38.5 

39.8 
41  4 

37.4 

37.6 
39.0 
39.  9 

41.8 

39.8 

39.7 

38.3 

35  2 
35.0 

34.5 

34.9 

33.3 

36.9 

37.  8 
35.  3 
37  1 
37.0 

37.6 

36  3 

38.  G 

40.1 
34.  4 

40.8 

30.4 
3!).  1 

37.7 

39.7 

49.9 

37.8 

36.2 
29.0 

36.5 
39.7 

30.2 

27.3 

26.4 

27.5 

31.1 

28.3 
25.9 

28. 1 

30.5 

29.8 
31.0 

29. 1 
27.0 

22. 4 

23.6 

21.4 

26.  5 

24.4 

25.5 

26.6 

24.3 

25.3 
25.0 

27.5 

23.  2 

26.9 

30.6 

24.  6 
28.  8 
26.0 
28.  6 

27.  C 

29.9 
31.  9 
26.  6 
25.3 
17.  5 

75.6 

30.6 

19.1 

47.6 

47.6 
60.9 

50.6 
69.  5 

48.7 

50.2 

49.7 

51.7 

49.7 
49.  1 

48.2 

43.5 

43.6 

41.2 

47.  6 

41.8 
47.0 

47.4 
46.  8 
46.  8 
45.  9 

47.9 
44.  3 

48.5 

51.5 

42.5 

48.  5 

44.4 

48.9 
48.0 
60.  6 
61.  C 

47.4 

45. 5 
39.  0 

46.5 
80.  0 
38.0 

Duchesne 


Escalante . 

Tort  Duchesne 


Green  Itiver 


St.  George. 
Springdale 


Station, 


BJaflc  iiov’k 
CnlarClty. , 


Cofmr.i 


9t>  is:  ior»' 
Vi  lit  101 
8*  12  »s 
05  13  1> 
M  18j  »4 
9ft!  31,  102 

or.  37 1  io.'i 


Lakelowu. 


Marv-sv»l«, 


0.  2«| 

91  3.1 
102  3 

M  30, 

OS  28 
100  38 
100  30 

102  29, 
101 1  30 
101 1  111 

103  27, 

os!  31 

no ... 

100  50 

04  3b 

101  33, 
103  24! 
103  21 

97  is; 

98  31 
93  27 
10S  23 
»<  31 1 
9.1  21 


Mount  i’kvant 


Salt  LnlioCUy 


Soldnr  .Summit 
SpanUh  Ki  rk . . 
Suminxl . 


oxiniff 


bcr. 

Annual. 

26.5 

43.  1 

31.  1 

54.3 

28.  2 

4'.l  1 

2:5.3 

45.6 

25.  6 

61  9 

18.  9 

43.8 

27.7 

45.3 

2.8.5 

48.8 

18.3 

43.0 

21.9 

51.1 

24.  1 

62.  1 

35.2 

n  1 

59.7 

SSSSSw* 
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ORE  DEPOSITS  OF  UTAH 


riighat  and  hunt  Ump,raturu  <*F.)  at  Italians  in  Utah  to  end  of  W.f-Conlinued. 

Eiuttcrn  lUh. 


Ix-r.  b-ir. 


8*n- 

U'tnbor 


Octo¬ 

ber. 


Aoousil, 


Fi-bru- 

Ary. 


M.ircli 


HUilton. 


Alton . . 

Aniitli . 

Ill  . 

C*»t>  Palo... . 

COpI . 

Durliwii! . 

Kut  I'otUJ... 

Enxry . 

ICa-nlaalt . 

Port  Duebro> 

OilM . 

Grwn  Rlvnr. . 
Itacksvitle.... 


Kiub. . .. 

la . 

Manila.... 
jUui.,... 
MocIlnAllci. 
B(.  Geurga. 
pi  i<e  i-'il . . . 
Hyrt.trltt!" 
Tirnpb  .... 
Vnrwal .... 
WuUiouton 


The  precipitation,  like  the  temperature,  is  much  less.  In  the  higher  areas  much  of  the  pre- 
vory  iliffcrent  in  different  sections  of  the  State,  cipitaliori  comes  ns  snow,  which  does  not  com- 
atul,  like  the  temperature,  is  largely  dependent  pletely  melt  till  Into  in  spring  or  in  summer  and 
on  altitude,  being  greatest  in  the  higher  por-  thus  tends  to  equalize  the  flow  of  the  streams, 
tions.  Thus  the  Uinta  and  Wasatch  ranges  The.  following  table  and  diagram  (fig.  l,p. 64), 
and  portions  of  tho  High  Plateau  have  rather  taken  from  the  reports  of  the  United  States 
abundant  vain  and  snowfall,  whereas  the  lower  Weather  Bureau,  show’  the  precipitation  in 
luuds  of  the.  western  part  of  the  State  have  different,  sections  of  the  State: 


geography 
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Ai1<rw  "vnWy  «nJ  annual  pneipitathti  (m  Ineht)  at  Weather  Bureau  stations  In 


Utah — Con  ( inuctl . 


Station. 

County. 

Mill 

Fort  Duchesne . 

Frisco. . 

FruJtiand. . 

(iartnncl. . . . 

OarrLwn... . 

fillo* . . 

Government  Creek . 

U  Into . 

Braver . 

Duchctuia . 

Ho.v.idor . 

MllJnid . 

W.vno . 

Tooele . 

Gr&nhtyRle. . 

0  roen  River . 

Tootle . 

Emery . 

13  o.x  rider. . 

W  UV710- . 

Banin  viDe . 

WiMitoh . 

Summit . 

Washington.. . 
Tocwft) . . . 

latun ml  tonal . . 

K.uvilt . 

K.um . 

Sun  Juan . 

Washington... 
Utah . 

Liihl  . 

Licmiy . 

Boxelder . 

Junh . . 

W  ernes . 

Car ho . 

Towle . 

Utah . 

I.ow . . . . . 

Lower  A  nmrlcnn  Fork . . . 

Salt  Luke* . 

Manila . 

Uinta . 

San  polo . 

Marion.  . . 

MArvxvuto  7”. . 

Mi. I  lake . 

Pluto . 

Roxpldor...... 

Milford . 

)ir  ivor _ _ _ _ 

M 

Mfflrillo . 

Binary  villo . . 

Maoli . 

Cache . 

Vfuntleello . 

Morgan . 

Moroni . . 

Maslrla . 

Mount  P)«L^ni . 

Mountain  Home . 

Nsda . 

Utah . 

3anp*U . 

Pudwsnc _ 

N'-tlii  (no  ir) . 

N«vr  Ciitli, . 

Washington. . . 
Millard . 

Oak  City .  . 

Ogden  So.  1 . 

Wuhor . 

. do . 

Opdon  No.  2 . 

OidorvlUo . 

Pahre.ii . 

...  .do . 

Park  Clly . 

Park  Valley. . . 

Purowjin . 

Pay  win . 

Boxeldor . 

Iron . 

V  Uih . . 

Pino  Valley . 

Pino  View . 

Washington... 

Philo . 

Washington... 

Sevier . 

...  do . 

Plateau . 

PlaUxiu  (near) . 

Frtoi . 

Provo .... 

Randolph . 

R«d..; . 

U’ah . 

Rich . 

Revere. . 

Richfield . 

R!'  Hmond . 

Rivmlale . 

St.  Geigge . 

Paluir . 

Salt  JaikO . 

Sevier . - . 

Cache . 

W.v "..'iljigtou... 

goil  Lake  City . 

fanUquin . 

Sclfite . 

_ do . 

Utah . 

Mill  ird  ...  . 

ScoOotd . . . 

Silver  City . 

Soldier  Summit . 

Snsikii  Creek... 

Sno*.v\’iip« 

gjseohSFurk.... 
Sprlrntdalo . 

oUatfrot] . . 

Ju  »b . 

Utah . 

Wasutch . 

Boxrlder . 

Utah . 

Washington... 
Boxeldor . 

Flcra- 

lion 

((cot). 

Vein, 

I aim* 

;  f**r-  j 

Feb¬ 

ruary. 

March 

1 

lw»y.| 

|  JUfK* 

July. 

RUSt. 

SLrjv 

l«ra- 
l>  r. 

'Octo¬ 

ber. 

1  >*o-  | 
vcm- 
her.  j 

Dn 
cv  ru¬ 
bor, 

An¬ 

nual. 

3,267 
4,11)0 
9-il 
7,318 
6,723 
0,2-18 
8,  SMI 
t ,  ft  II 
.  277 
4,448 
4,328 

1892-191 H 
13^  I9IH 
18SH-1918 
1897-1912 
1910-1918 
1909-1918 
1909-1917 
1896-1(06 
1961-1918 
1912-1918 

2.29 

1.16 

.34 

.48 

1.71 

1.83 

.76 

.38 

1.20 

1  12 

2.23 

1  45 
.42 
.78 
.94 
1.61 
.54 
.32 
1.29 
1.81 

2.  *13 

l.fS 

.♦>4 

.M 

.}« 

1  34 
.71 
.,3S 

1  96 

2  91 

2.07 

1.63 

.58 

.61 

lift 

1.31 

.54 

.54 

1  5) 
1.16 

Z39 

1  35 
.71 
.78 
.73 
l.se  | 
.62  ! 
.so 

1  64 
1.66 

|  ot!:w| 
.54 

.115 

.34 

1.07 

1.12 

.20 

.25 

.72 

.95 

o.« 

.84 
.35 
.  S6 

1.32 

I.  IG 
.60 
.51 
-71 
1.23 

0  73 

.40 

.41 

1  n 

.7-1 

.30 

.55 

.70 

.95 

1.19 

1. 20 

1.  12 

.8*4  1 
1  59 
1.  79 
.70 
.72 
.92 
1.06 

1.74 

1.22 

.64 

.72 

1.73 

1.10 

.74 

.ftl 

.so 

1.  90 

1 1  n  ! 

l.Ofl  1 

.37 

.47 

.« 

1.  w 
AO 

. 

1.18  , 

2.04 

l.Mft 

.TjC 

,45 

.76 

1.17 

.20 

.10 

.so 

20.41 
14.36 
7. 0*> 
8.  27 
12.  »>9 
14.97 
6.95 
6.56 
13. 60 

1WS-1918 

1.06 

.91 

1.21 

1.14 

131 

.88 

.?9 

.Kl 

1  02 

.  0) 

1157 
5.62 
10  79 

3,"h0 

lNtt-1918 

.41 

.40 

.38 

.  J) 

.49 

.38 

.41 

,55 

.  .H) 

,  ?s2 

4,  '■  0 

1SW-191S 

1.39 

.96 

.71 

1.14 

.96 

1  45 

.67 

.  GO 

.TO 

.  % 

l.  rio 

4, 4.0 

1910-1918 

.39 

.31 

.49 

.33 

.26 

.58 

iO 

.60 

.77 

.Oft 

33 

d  51 

ft,  ...I! 

1WKM918 

2.49 

2.01 

2  li 

1.28 

1.47 

.66 

s) 

.91 

1.18 

1 . 3& 

1.26 

1  9,1 

17.  20 

6,301 

ll)'4)-p,[8 

2.45 

2.  19 

2  31 

l.M 

1  69 

1.04 

..VJ 

.95 

1.38 

1.31 

1.  d) 

1.59 

19. 

8,  I'M 

(  1(43-1914 

.06 

.68 

.7.) 

.31. 

60 

.31 

.49 

.63 

.73 

.76 

.  78 

.fO 

7.  2S 

5,  I'M 

1506-1919 

2  123 

2.53 

2  60 

l.M 

2  07 

.77 

.67 

.9- 

1.  .59 

2.05 

\.%n 

20  58 

3, 

1  PI  2-10)8 

1.13 

1  34 

1  27 

1.47 

.  Vi 

-32 

I..W 

.96 

.96 

1.49 

.70 

.  FA 

U  VI 

7,400 

1  SCO-1918 

1  04 

1  33 

1  31 

.89 

1.98 

.97 

.91 

.86 

-GO 

.% 

.*17 

.m 

1*2  27 

6,3  h) 

lSIO-1911 

.90 

1.43 

2.49 

1.13 

.  fid 

.58 

.n 

.35 

<1 

1.72 

1.20 

.  64 

12.  85 

*311-1917 

1.38 

1 10 

1.42 

1-32 

.H-l 

.78 

.50 

.  ID 

.01 

1.40 

.70 

<i  \ 

IX.  30 

4,025 

1  SC-1-191 7 

I.  « 

1,3) 

1.72 

1.19 

.GO 

.26 

1.40 

.77 

.  79 

1.28 

-  7S 

12.  Kl 

5,2k) 

1307-1 91 S 

1.37 

153 

1.36 

1.53 

1.57 

.fU 

I.  IS 

1.0'S 

1.  13 

1.39 

1.  IS 

1.23 

1  15  19 

4,20) 

1  vS-l'llS 

.n 

.rks  I 

.61 

.78 

.44 

.44 

.22 

.47 

.53 

.  42 

TO 

A  53 

6,2')) 

1 1)4-191 4 

1  *5 

l.lv) 

1.5*5 

l.M 

1  1 

.#5 

.69 

.75 

1.27 

1.27 

1.07 

•  K2 

15-19 

7,  con 

1001-191.4 

1  >Xi 

.97 

.so 

-77 

.77. 

1.27 

111 

I.  19 

.  90 

.78 

•  7M 

I  n  07 

3,  Ml 

1913-1913 

2.  >5 

2.  Hi 

1.61 

1.71- 

.73 

1  19 

.78 

.60 

1  37 

1.01 

*» 

15.  W 

4  :  <n 

'TM-IDIS 

l.M 

1.47 

1.53 

1.41 

1  0 

.,••7 

1.03 

1.02 

1.31 

1.311 

1.01 

1  ;w 

15. 61 

4.221 

P>l  1-1913 

.50 

.52 

.47 

.33 

.40 

.7S 

.22 

.21 

.31 

.40 

21 

27 

4.74 

5,  OKI 

iv«t~ioi8 

1.63 

1.54 

2.(0 

1.67 

1.79 

.  55 

.67 

.« 

1.23 

1  24 

1.01 

1  53 

13. 71 

7,  an 

lSSC-1900 

.48 

.58 

.02 

.57 

.34 

.17 

.SS 

1.25 

.04 

40 

.  39 

.40 

I  fi) 

4.507 

13)1-1913 

1.57 

i.w 

1.67 

2.  24 

.  JO 

.14 

.« 

1.21 

1.  48 

1.23 

1  na 

16  40 

4,002 

191 1-1018 

..50 

.50 

.04 

.72 

.55 

.ss 

.  18 

.  12 

..33 

.48 

.21 

.31 

•i  13 

4,181) 

191  H  913 

3.  10 

1.'S2 

l.«0 

1  I.ld 

1  0 

.81 

I  17 

.59 

1.  12 

l.M 

.  VJ 

1.12 

17.77 

4, 05  J 

1914-1  14 

ill 

i.flO 

2.  40 

1.97 

2  0 

1.48 

l.  Is 

.Vi 

1  iM 

1  SO 

1.  >; 

1.45 

21.85 

4  404 

1 9X-191X 

.fvS 

.62 

.25 

.33 

.'.1 

.71 

.48 

. 

.  W 

u 

.23 

■  32 

3.31 

6,  M2 

1904-1)12 

18 

.91 

.87 

.29 

.03 

.  19 

1  in 

t  1.06 

1 22 

1  60 

0 

.03 

7.07 

6,225 

1910-191.3 

-41 

.50 

.50 

1.74 

1.  .0 

.82 

1.  U 

|  .54 

I.  II 

1.39 

.41 

.30 

11X37 

5,575 

1394  1918 

1.23 

1.21 

1.42 
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VEGETATION 

Except  in  some  alkali  areas  the  soil  of  Utah 
is  gcnonilly  fertile,  and  the  native  vegetation 
is  largely  dependent  on  the  temperature  and 
the  precipitation.  In  thohigher  areas,  notably 
the  Uinta  Mountains,  the  Wasatc  h  Range,  and 
the  High  Plateau,  timber  is  abundant.  At 
lower  levels  this  gives  place  to  scrub  pine, 
juniper  (cedar),  and  oak,  and  these  in  turn  to 
sagebrush  and  other  desert  plants.  In  the 
lowest  and  driest  areas  the  vegetation  is  scanty 
and  confined  to  desert  plants  that  require 
little  moisture.  Bunch  and  other  grass  grows 
rather  plentifully  over  most  of  the  Stato  but 
has  been  greatly  reduced  over  large  areas  by 
ovorgrazing. 

AGRICULTTJHE. 

Until  recent  years  agriculture  has  been  con¬ 
fined  to  the  areas  where  irrigation  was  possible, 
and  the  more  important  agricultural  interests 
have  grown  up  around  the  points  where  the 
streams  emerged  from  the  mountains  onto  the 
fiat  area,  notably  along  the  west  front  of  the 
Wasatch  Range  and  its  southern  extension. 
Farther  west  in  the  Great  Basin  cultivated 
lands  aro  limited  to  a  few  ranches  irrigated 
from  small  streams  coming  from  the  higher 
ranges  and  from  a  few  wells. 

Some  of  the  flat-bottomed  valleys  east  of  the 
Wasatch  Range  have  proved  exceedingly  fertile, 
especially  the  Sevier  and  Sanpete  valleys. 
South  of  the  Uinta  Mountains  is  an  area  con¬ 
taining  large  tracts  that  can  bo  irrigated  and 
that  has  in  some  degree  been  brought  under 
cultivation..  In  southern  nnd  southeastern 
Utah  onlj^  small  areas  are  cultivated,  and 
though  these,  can  be  considerably  enlarged 
most  of  the  laud  never  can  bo  irrigated. 

In  recent  years  cultivation  without  irrigation 
bus  been  attempted  in  several  sections  of  the 
State  mid  in  the  higher  areas,  where  there  is 
considerable  precipitation,  has  been  successful. 
Large  tracts  of  this  character  have  not  yet 
been  brought  under  cultivation,  munv  of  them 
because  of  lack  of  transportation  or  of  water 
suitable  for  domestic  use  and  for  stock.  Prob¬ 
ably  a.  large  acreage  of  this  t3'po  of  land  will 
eventually  be  utilized. 

Since  the  earliest  settlement  of  the  State 
stock  raising  has  been  an  important  industry. 
Cuttle,  sheep,  and  horses  range  over  practically 
all  of  the  State  that  lias  not  been  given  over  to 
510110“ — ID - ii 


more  intensive  agriculture.  In  many  sections 
the  range  has  been  overstocked  and  seriously 
damaged,  but  in  recent  yours  the  regulation 
governing  the  forest  reserves  has  brought 
about  great  improvement  and  will  doubtless 
eventually  lead  to  the  regulation  of  the  range 
in  general. 

Practically  all  the  important  mining  districts 
are  within  easy  reach  of  fanning  sections, 
where  all  the  essential  agricultural  products 
may  he  had  at  reasonable  prices. 

TRANSPORTATION. 

In  the  Great  Basin  region  railroads  can  be 
constructed  along  tho  fiat  valleys  between  the 
ranges  at  moderate  cost,  and  such  extensions 
have  been  made  wherever  traffic  has  seemed 
to  warrant.  Tho  principal  mining  camps  and 
larger  agricultural  communities  arc  now  pro¬ 
vided  with  railroad  transportation.  Large 
areas,  however,  are  without  railroads  and  have 
consequently  been  greatly  retarded  in  thoir 
development.  The  transcontinental  lines  have 
greatly  benefited  lurgo  areas  that  of  themselves 
would  not  have  attracted  a  railroad. 

In  eastern  Utah  tho  topography  is  usually 
not  favorable  to  cheap  railroad  construction, 
and  transportation  facilities  are  meager.  The 
Denver  &  Ilio  Grande  Railroad  traverses  the 
central  purt  and  has  branches  to  some  of  the 
more  important  coal  deposits.  The  history  of 
railroad  development  in  the  State  is  discussed 
on  page  1  IS. 

In  the  thickly  set  tled  parts  of  Utah  the  high¬ 
ways  are  good,  but  in  the  largo,  sparsely  settled 
parts  t  hey  are  generally  poor-,  though  a  system 
of  improved  roads  that  will  greatly  aid  devel¬ 
opment  is  being  gradually  extended  over  the 
State. 

WATER  POWER. 

BV  riKHMAX  .Svaiii.hr. 

The  streams  of  Utah  warrant  the  develop¬ 
ment  of  about  three-quarters  of  a  million  horse¬ 
power  under  conditions  of  low-water  llow,  and 
this  amount  may  be  nearly  doubled  by  t  he  use  of 
storage  reservoirs.  About  40  per  cent  of  the 
power  possibilities  of  the  State  can  be  developed 
only  in  large,  units  on  Colorado  River  and  its 
mnin  tributaries,  the  Green,  Grand,  and  San 
Juan.  Tho  remainder  is  distributed  chiefly 
among  tho  smaller  mountain  streams  and  can 
be  developed  in  relatively  small  units  in  accord- 
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once  with  local  needs.  Generally  speaking, 
the  mountain  areas,  particularly  thoso  included 
in  forest  reserves,  abound  in  opportunities  for 
the  development  of  small  power  plants.  Such 
small  units  are  of  importance  to  mines  that  are 
beyond  the  limits  of  transmission  from  exist¬ 
ing  power  systems  of  public-utility  corpora¬ 
tions.  That  they  have  proved  advantageous 
in  t.ho  past  is  clearly  indicated  by  the  fact  that 
of  the  60  developed  water-power  plants  in  the 
State  only  3  are  of  more  than  10,000 horse¬ 
power  capacity,  whereas  20  aro  of  1,000  to 
6,000  horsepower,  9  of  500  to  1,000,  and  28  of 
less  than  500. 

Tire  Utah  Power  &  Light  Co.,  ft  relatively 
recent  combination  of  20  to  30  plants,  many 
of  which  were  originally  developed  for  local 
mining  use,  is  by  fur  the  most  important 
public-utility  corporation  that  provides  elec¬ 
tric  service  in  the  State.  Its  chief  source 
of  water  power  is  Bear  River  and  its  tribu¬ 
taries  in  Idaho  and  Utah,  and  Provo,  Ogden, 
and  Weber  rivers  in  Utah,  though  several 
smaller  streams  aro  utilized.  This  company 
serves  the  eastern  part  of  the  drainage  basin  of 
Great  Salt  Lake  from  the  Utah-Idaho  line 
south  to  Silver  City,  and  has  recently  con¬ 


structed  a  line  from  Springvillo  to  Helper, 
Blaekhnwk,  aud  Huntington,  in  the  basin  of 
Price  River.  An  extension  of  this  lino  along 
the  general  route  of  the  Denver  &  Rio  Grande 
Railroad  into  Colorado  to  connect  with  the 
system  of  its  subsidiary,  the  Western  Colorado 
Power  Co.,  is  contemplated.  The  two  com¬ 
panies  together  operate  hydroelectric  plants 
with  a  generator  capacity  of  ovor  130.000  kilo¬ 
watts  nnd  have  an  annual  output  of  electric 
energy  in  excess  of  500,000,000  kilowatt-hours, 
over  half  of  which  is  used  by  the  mining  indus¬ 
try.  Among  tho  large  mining  interests  served 
are  tho  Utah  Copper  Co.  and  the  American 
Smelting  &  Refining  Co. 

Tho  topographic  map  (PI.  1,  in  pocket)  shows 
the  location  of  the  several  water-power  plants 
and  transmission  systoins  and  of  tho  principal 
undeveloped  water-power  possibilities;  and  the 
following  table  sets  forth  the  principal  facts 
with  reference  to  the  water-power  plants  whose 
electric  output  is  available  for  use  in  the  State. 
Plants  numbered  1  to  45,  inclusive,  are  operated 
as  public-utility  properties,  nnd  the  remainder 
are  operated  solely  for  the  municipalities  or 
mining  companies  specified. 


Wattr-poiur  plants  of  jiou.tr  -ojsU  mu  Optra  liny  in  Utah. 


No. 

Name  of  power  system. 

Xamo  oi  plant  and  stream  utilized. 

Location  of  plaul. 

Horse¬ 
power  of 

T. 

R. 

Sec. 

water 

wheels. 

Idaho;  Boise  meridian. 

1 

Utah  Power*  Light  Co . 

Georgetown,  Georgetown  ('root 

11  8. 
15  8. 
US. 

10  s. 
10  s. 

13  S. 

44  E. 
40  E. 
43  E. 
40  E. 
40  E. 
40  E. 

300 
1,000 
1, 180 
50. 000 
10,  000 
27,000 

2 

3 

•l 

High  Creek,  Cub  Creek . 

Paris,  Paris  Creek . 

34 

0 

21 

33 

23 

r> 

6 

. do . 

Cove,  Bear  River . 

Oneida,  Bear  River . 

Utah;  Salt  Lake 
xueridian. 

7 

8 

Weber,  Weber  River . 

Pioneer,  Ogden  River 

Welier  Can  von  . 

.5,  000 
10  GOO 

2,  400 
2, 400 

3,  000 
1,274 

10 

11 

12 

13 

. £ . :::::::: 

Granite,  Big  Cottonwood  Creek 

Statra,  Big  Cottonwood  Creek 

Alpine,  Drv  Creek. . 

Lower  American  Fork,  American  Fork 
Upper  American  Fork,  American  Fork. . 
Bottle  Creek,  Baule  Creek 

ugurii. 

2  S. 

2  S. 

•1  8. 

4  S. 

1  E. 

2  E. 

2  E. 

2  E. 

25 

30 

8 

32 

11 

15 

1G 

17 

18 

1  S. 

5  S. 
13  X. 
3N. 

4  S. 

2  E. 

2S 

1,610 
4,  000 
12,  300 

Wheelon,  Ihoir  River . 

Davis,  Hrwiiigum  Creek 

2  W. 

22 

23 

Jordan  Narrows,  Jordan  River 

1  Ei 

1W. 

17 

15 

53/ 
1.  344 

12  N. 

1  E. 

3G 

3,  003 
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I Vntcr-pow  plan-tH  of  pousr  aliens  optmting  in  Utah  --Continued. 


No. 


19 

20 
2) 
22 

23 

24 
2!) 
20 

27 

28 

29 

30 

31 

32 

33 
31 

35 

36 

37 

38 

39 
10 
II 
•12 
•13 
•11 
•15 
46 
•17 
48 
■19 
50 
61 

52 

53 
5-1 

55 

56 
67 

58 

59 
09 
61 
62 

63 

B4 


Natno  of  power  8_y#tern. 


Utah  Power  A  Light  Co. 

. do . i . 

. do . . 


.do. 

.do. 

-do. 

.do. 

.do. 


.uo. 

.do. 


Beavor  River  Power  Co . 

Bennion,  Hvrum  A  Sona  Co.  . 

Big  Springs  "Electric  Co . 

Clark  Electric  Power  Co . 

Como  Light  &  Power  Co . 

Dixie  Power  Co . 

Electric  Power  A  JLilling  Co. .. 

N  unn,  L.  L . 

Progress  Co.,  The . 

. do . 

Spring  City  Light  A  Milling  Co 

Swan  Creek  Electric  Co . 

U.  S.  Reclamation  Service. 
Vernal  Milling  A  Light  Co. . . . 
Wasatch  Mines  Co 

Municipal . 

.do 


.do. 

.do. 

.do. 

.do. 

.do. 

.do 

.do. 

.do. 

.do. 


.do. 

.do. 

.do. 


.do. 

.do. 

.do. 


Miehigan-Utah  Mining  Co _ 

Ophir  Hill  Consolidated  Mining 
Co. 

—  -do... . . . 

Sevier-MiUer  Coalition  Mining 
Co. 


X.mic  oi  plant  and  stream  utilized. 


Murdock.  Provo  River . 

Upper  Mill  Crank,  Mill  Creek . 

Lower  Mill  Creek,  Mill  Creek . 

Olmstoad,  Provo  River . 

Park  City,  Ontario  Tunnel . 

Rivprdale,  Weber  River . 

Santatjuin,  Sactaqnin  Crock . 

Snake  Creek,  Snake  Creek . 

Ilyrum,  Blacksmith  Fork . 

Williard,  WUliard  Creek . . 

Reaver  River,  Beaver  River . 

Bennion  »,  Jordan  River . 

Big  Sprii  ga,  Big  Springs  Creek . 

Tooele,  Settlement  Creek . 

Morgan . 

Santa  Clara  Creek . 

Orangeville . 

Gunnison,  Sbtmile  Creek . 

Kuiwden,  BigCottonwood  Creek . 

Slate  Street,  Big  Cottonwood  Creek . 

Spring  City,  Oak  Creek . 

Swan  Creek,  Swan  Creek . 

Spanish  Fork,  Spanish  Fork . 

Vernal,  Ashley  Creek . 

Alta,  I.ittla Cottonwood  Creek . 

Beaver,  Beaver  River . 

Brigham,  Box  Elder  Creek . 

Ephraim,  Cottonwood  Creek . 

Fairview,  Cottonwood  Creek . 

Heber,  Provo  River . 

Helper,  Price  River . 

Ilyrum,  Blacksmith  Fork . 

Logan,  Logan  River . 

Mauli,  Manti  Creek . 

Monroe,  Monroa  Creek . 

Mount  Pleasant,  Pleasant  Creek  . 

Murray,  Little  Cottonwood  Creek . 

Nephi,  Salt  Creek . 

Parowan,  Center  Creek . 

Springviile,  Hobble  Creek . 

St.  George,  Cottonwood  Creek . 

Utah  State,  Logan  River . 

Alta,  Little  Cottonwood  Creek . 

Ophir,  Ophir  Creek . 

South  Willow  Creek,  South  Willow  Creek 
Kimberly,  Clear  Creek . 


Location  of  plant 

Horse¬ 
power  oi 
water 
wheels. 

1  T’ 

R. 

Sec, 

Utah;  Salt  Lake 

uiendiun. 

2  S. 

5  K. 

32 

3,  300 

1  R. 

2  B. 

27 

650 

1  8. 

1  E. 

30 

2.  600 

6  S. 

3  E. 

7 

10,  .SO0 

2  K. 

•1  E. 

24 

300 

5N. 

1  W. 

19 

5,  750 

10  8. 

1  E. 

13 

1,  700 

3  8. 

■1  E. 

21 

2.000 

10  N. 

1  E. 

11 

4,300 

s  y. 

2  W. 

23 

700 

29  S. 

6  W. 

24 

2,500 

Tavlorv 

Ulo . 

100 

13  R. 

2  E. 

30 

200 

3  S. 

4  W. 

33 

250 

500 

1, 100 
125 

43  S. 

18  W. 

n 

i9  s. 

2  F. 

3 

550 

2  S. 

1  E. 

23 

200 

2  S. 

1  E. 

S 

200 

18  S. 

4  E. 

2 

22 

14  X. 

5  E. 

ti 

125 

8  S. 

3  K. 

35 

1,200 

3  R. 

2!  E. 

7 

350 

3  8. 

2  E. 

10 

800 

29  R. 

7  W. 

14 

200 

9  N. 

1  W. 

20 

1,200 

17  8. 

3  E. 

.3 

300 

13  R. 

5  E. 

32 

126 

3  S. 

5  E. 

7 

1,  280 

12  S. 

9  E. 

250 

xO  X. 

1  E. 

2 

174 

12  X. 

2  E. 

29 

809 

18  8. 

2  E. 

8 

100 

25  S. 

3  W. 

22 

100 

15  S. 

5  E. 

275 
1,  200 

13  S. 

1  E. 

2 

250 

34  S. 

9  W. 

21 

86 

8  S. 

4  E. 

G 

150 

41  S. 

16  W. 

30 

CO 

12  X. 

1  E. 

36 

600 

3  S. 

2  E, 

11 

50 

5  S. 

4  W. 

28 

220 

]  3  8. 

6  W. 

27 

300 

25  S. 

■1J  W. 

34 

i 

300 

PHYSIOGRAPHIC  DEVELOPMENT. 

GENERAL  OUTLINE. 

In  Mesozoic  time  a  largo  part  of  what  is  now 
the  Basin  pro  vi  nee  was  probably  above  sea  level 
and  was  being  »tc  lively  eroded,  and  a  part  atlcast 
ofitswnste  was  being  deposited  to  thccast,  where 
it  formed  a  great  thickness  of  Trinssic,  Jurassic, 
and  Cretaceous  shales  and  sandstones.  The 
boundary  between  the  area  of  erosion  and  that 
of  deposition  is  gcnernlly  regarded  as  approxi¬ 


mately  the  eastern  limit  of  the  Great  Basin, 
though  in  the  latitude  of  the  Mineral  ami  Star 
ranges  Triassic  sediments  at  least  were  de¬ 
posited  well  within  the  Basin  province. 

At  tho  end  of  tho  Mesozoic  or  early  in  the 
Conozoic  era  there  occurred  a  general  uplift 
accompanied  by  folding,  by  overthrust  and 
othor  faulting,  by  igneous  intrusion,  and  by 
doming  which  was  at  least  in  part  tho  result 
of  intrusion.  (SeePl.XI,  p.  100.)  Erosion  of  tbo 
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more  greatly  uplifted  surfaces  began  at  once, 
the  resulting  waste  being  laid  down  on  lower 
ground  near  by  or  carried  oceanward.  The 
period  of  upheaval  and  intrusion  was  over¬ 
lapped  or  followed  by  one  of  volcanism,  during 
which  immense  quantities  of  lava  and  tuff  were 
erupted,  especially  in  southern  Utah. 

Tho  transfer  of  this  great  volume  of  magma 
from  tho  earth's  interior  to  its  surface  was  per- 
hti]>s  tho  cause  of  a  widespread  fracturing  and 
differential  settling  of  the  crust  which  followed. 
Tho  greatest  relative  subsidence  took  place  in 
what  is  now  the  Great  Basin,  whose  eastern 
margin  was  marked  out  by  a  persistent  zono 
of  normal  fnults  on  which  the  downthrow  was 
to  the  west .  The  Basin  Ranges  wero  outlined 
by  other  great  north-south  faults;  smaller 
faults  and  some  persistent  llcxures  affected  the 
Plateau  region;  and  tho  Wasatch  Range  was 
relatively  uphenved  and  tilted  eastward.  Tho 
masses  blocked  out  by  these  movements  have 
since  been  continuously  modified  by  erosion  and 
deposit  ion.  Erosion  has  been  mostautive  in  the 
elevated  eastern  area,  nnd  its  products  hnvo 
largely  been  deposited  in  tho  Great  Basin  or 
carried  oceanward,  tho  main  theaters  of  ero¬ 
sion  and  of  deposition  having  exchanged 
places  since  Mesozoic  time. 


WASATCH  MOUNT  ATMS. 


Tho  Wasatch  Mountains  were  the  scene  of 
vigorous  action  in  both  periods  of  deformation. 
The  range  is  characterized  as  a  whole  by  st  rong 
folding  and  thrust  faulting  nnd  in  purt  by  other 
faults  nnd  by  intrusion.  Tho  structure  indi¬ 
cates  that  in  tho  period  during  which  these 
movements  occurred  the  range  was  up- 
hen  ved  as  a  whole  with  reference  to  tho  tract 
on  the  east,  though  it  may  not  have  been 
raised  higher  then  tho  region  to  the  west  wns 
ut  that  period.  After  being  greatly  reduced 
by  erosion  it  was  again  relatively  uphenved  by 
faulting.  The  thesis  that  its  western  face  Is  a 
fault  scarp  of  westward  dip  was  first  advanced 
by  Emmons  1  and  was  confirmed  by  somo  of 
the  latest  field  work  of  G.  K.  Gilbert,1 
Itis  possible,  though  less  certain,  that  the  east 
aido  of  the  range,  where  it  is  sharply  defined 
is  also  determined  by  faults  with  downthrow 
to  the  east.  At  any  rate,  tho  decline  in  the 
height ^of  the  summits  from  west  to  cast  indi- 


*l’>.  l"‘l  l’ir.,  va|.  2.  p.  US, 
3  Gilbert,  C.  K.,  tmpublUbcvi  imnimripL 


cates  that  tho  fault  block  was  tilted  eastward. 
The  range  is  allied  by  its  physiographic  history, 
as  well  as  by  its  drainage,  to  the  Basin  Ranges, 
though  it  is  part  of  an  upland  whose  topog¬ 
raphy,  ns  shown  on  pages  57  and  58,  stands  in 
strong  contrast  to  that  of  tho  Groat  Basin. 

Tho  range  has  been  thoroughly  dissected, 
though  tho  westward-flowing  streams,  being  of  • 
steeper  grade  in  their  lower  than  in  their  upper 
courses,  show  incompleto  adjustment  to  the 
upheaval  by  faulting.  Tho  higher  parts  of  the 
range  have  been  strongly  glaciated.  Some  mo¬ 
raines  extend  to  the  western  base;  theso  have 
been  broken  by  recent  faulting  along  tho  old 
scarp. 

TJTNTA  MOUNTAINS. 


The  Uinta  Mountains  wero  formed  primarily 
as  the  result  of  an  arching  np  nlong  an  east- 
west  axis,  which  took  place  later  than  most 
of  the  early  deformation  of  the  Wasatch  belt. 
(See  p.  252.)  Tho  present  form  of  tho  Uinta, 
however,  lias  been  determined  by  many  other 
factors  than  this  primary  uplift.  Early  in 
tho  Tertiary  the  crest  of  tho  arch  became 
maturely  dissected  by  stream  erosion.  Cer¬ 
tain  of  tho  more  powerful  streams  cut  head- 
ward  nearly  or  quite  through  the  range,  ns 
they  are  now  cutting  in  some  of  the  Basin 
Ranges,  notably  at  Squaw  Springs  Pass,  in  the 
San  Francisco  Range,  and  in  Sevier  Canyon, 
in  the  Canyon  Mountains.  Much  of  tho  ma¬ 
terial  eroded  from  tho  arch  was  laid  down  on 
the  adjacent  parts  of  tho  Wyoming  Basin  at 
the  north  and  of  the  Plateau  region  nt  tho 
south.  1  lie  original  surface  of  these  deposits 
is  thought  to  bo  approximately  represented  by 
the  Hat  summits  ol  Diamond  Mountain,  Split 
Mountain,  and  Tampa  Plateau  on  the  south 
side  of  the  range,  nnd  similar  hondiiko  rem¬ 
nants  on  the  north  sido  of  tho  range  have 
been  described  by  Rich.3 

The  lemnrkablc  course  of  Grocn  River 
athwart  tho  axis  of  the  range  is  thought  to 
have  boon  established  at  the  time  when  the 
range  was  thus  worn  down  and  flanked  by 
gravel  plains  which  probably  coalesced  in 
some  of  the  lower  passes.  This  explanation 
of  Green  River-  as  superimposed  is  regarded 
os  more  probable  than  tho  once  popular  view 
that,  the  stream  maintained  upon  tho  slowly 


WjSS;/'  t  V  7ln  ^  l,,:  lt*'  >' ol  0uJ  fcL'b.'p  c^lomcmlo,  southern 
Wyoming.  Jour.  Geology,  vol.  p.  M1 
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urchin"  strata  a  course  determined  while  those 
strata  still  lay  flat.' 

Intermittent  uplift  of  the  range  as  a  whole 
is  indicated,  however,  by  the  terracing  of  the 
stream  valleys  in  the  gravel  deposits.  The 
terraces  presumably  were  formed  in  periods 
of  relative  quiescence  during  which  the  streams 
widened  their  valleys  in  the  softer  flanking 
formations  but  were  able  only  to  deepen  their 
canyons  in  the  hard  rocks  that  form  the  core  of 
the  range;  in  periods  of  uplift  the  channels  were 
deepened  in  tho  soft  formations  also. 

The  Large  canyons  of  the  range  have  been 
strongly  glaciated,  and  heavy  moraines  extend 
beyond  the  mouths  of  many  of  these  canyons. 
The  glacial  features  bavo  been  described  by 
Atwood.2 

PLATEAU  PROVINCE. 

TOPOGRAPHIC  FEATURES. 

The  rocks  exposed  in  the  Plateau  regions 
of  Utah  are  chiefly  sedimentary  strata  that 
rnngo  in  ago  from  pre-Cambrian  to  Tertiary. 
These  rocks  are  capped  oil  the  High  Plateau 
by  a  thick  layer  of  volcanic  rocks  and  are 
locally  injected  with  intrusive  rocks,  the  more 
important  bodies  of  which  ure  hiccolithic.  The 
strata  lie  for  the  most  part  nearly  flat,  but 
they  have  been  deformed  by  some  faults  and 
flexures  and  domed  up  by  the  laccoliths.  The 
general  horizontallty  of  the  bedding  and  tho 
rather  simple  dislocations  by  which  it  is  affected 
determine  the  topographic  character  of  the 
region. 

The  usual  horizontal  stratification  is  ex¬ 
pressed  by  the  prevalence  of  terraces  of  differ¬ 
ential  erosion.  The  rise  from  Colorado  River 
in  the  region  of  the  Grand  Canyon  to  the  High 
Plateau  is  a  series  of  steps,  the  abrupt,  rises  being 
separated  by  broad,  nearly  flat  benches  surfaced 
with  relatively  hard  und  resistant  rock  and 
underlain  by  softer  material.  In  northern  Ari¬ 
zona  and  southern  Utah  this  bench  topography 
is  developed  on  a  magnificent  scale;  farther 
north  it  is  less  marked,  and  ulong  Green  River, 
south  of  tho  Uinta  Mountains,  where  tho  valley 
is  in  Tertiary  rocks,  it  is  on  a  greatly  reduced 
scale,  though  still  conspicuous. 

The  rather  sharp,  generally  north-south  mono- 
clinul  folds  that  traverse  the  region  have  been 
carved  by  erosion  into  strong  topographic 

1  Thiv  problem  Is  fully  disputed  by  E.  T.  Hasaock,  Tho  history  of 
ft  portion  of  Vimpa  River,  Colo.,  and  its  possible  Soaring  on  that  of 
Ore_»n  River:  U.  S.  Gcal.  Survoy  Prof.  Taper  M,  pp  IW-IS9,  1916. 

’  Atwood,  w.  W.,  Glaciation  of  tlio  Uinta  and  Was  itch  mountiins: 
1 . 8.  Cool.  Survey  Trof.  Taper  (11. 1909. 


1  features.  Massive  formations,  as  tho  White 
j  Cliff  sandstone,  form  prominent  ridges  or  hog¬ 
backs  well  above  the  level  of  tho  area,  on  the 
downwarp  side  of  the  folds.  Such  ridges, 
seen  in  Comb  W ash,  tho  Water  Pocket  flexure, 
the  east  border  of  the  San  Rafael  Swell,  the 
Paria  flexure,  and  ot  hers  (see  PI.  II),  are  very 
striking  though  minor  features  of  tho  Plateau 
region. 

Where  the  rocks  have  been  elevated  and 
domed  by  intrusive  masses,  as  in  the  Henry, 
Abajo,  and  La  Sal  mountains,  the  soft  strata 
have  been  etched  out  by  erosion,  loaving  the 
harder  formations  as  encircling  ridges  through 
which  the  main  streams  have  cut  passes. 

Long  lines  of  north-south  cliffs  that  follow 
lines  of  faulting  may  be  duo  either  to  the  actual 
raising  or  lowering  of  the  surface  on  one  side  of 
tho  fault  line  relutive  to  that  on  the  other  side, 
or  perhaps  more  commonly  to  bringing  a  soft 
formation  against  a  hard  resistant  one,  tho 
subsequent  denudation  quickly  lowering  the 
soft  rock  and  leaving  the  hard  rock  st  anding  as 
a  cliff. 

•  DEVELOPMENT. 

At  the  close  of  Mesozoic  or  early  in  Cenozoic 
time  the  Plateau  region  was  elevated,  some¬ 
what  folded,  and  probably  broadly  domed  and 
faulted.  Erosion  of  its  higher  areas  began  forth¬ 
with,  und  tho  sediment  derived  from  them  was 
deposited  in  the  lower  areas. 

Gradually  a  general  northwest-southeast 
drainage  system,  corresponding  in  general  to 
that  of  the  present  Colorado  River,  was 
developed  across  it.  Erosion  was  naturally 
at  first  most  rapid  in  tho  lower  portion  of  this 
drainage  system,  and  doubtless  deep  main 
valleys  and  a  well-developed  system  of  tribu¬ 
taries  drained  the  area  to  the  south,  while 
sedimentation,  at  least  in  local  areas,  was  still 
progressing  to  the  north.  Tho  drainage  sys¬ 
tem,  however,  gradually  extended  its  head¬ 
waters  into  areas  of  previous  deposition  and 
began  the  removal  of  the  sediments. 

Since  the  beginning  of  Tertiary  time  there 
huve  been  sovoral  periods  of  uplift,  followed  by 
periods  of  relative,  stability  or  possibly  of 
partial  subsidence.  Following  a  period  of 
uplift  the  streams  cut  nurrow,  steep-walled 
canyons.  During  a  long  period  of  stability 
these  canyons  are  gradually  broadened  into 
flat,  gravel-floored  valleys,  in  which,  oil  the 
renewal  of  uplift,  narrow  canyons  are  cut. 

Most  of  the  valleys  of  the  Plateau  province 
can  be  attributed  with  much  certainty  to 
weathering  and  to  stream  erosion.  Some  of 
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,  p,  t  i  Divested  of  details  ar.d  qualifications,  the  history  of  the 

those  in  the  transition  zone  between  tnei  iaie  (ii3trict  luay  now  be  reviewed  in  general  terms.  About 
and  Basin  provinces  have,  however,  been  ^  clow  0f  the  Cretaceous  period,  the  entire  region  was 
pen  orally  regarded  as  duo  primarily  to  struc-  probaWy  a  monotonous  plain  underlain  by  unconsolidated 

turnl  rather  than  erosional  causes.  Such,  for  sediments.  Soon  thereafter  tangential  forces  within ^the 
tuiai  racnui  t  which  in  its  earth’s  crust  produced  a  series  of  moderate  (olds,  trending 

example,  ,s  the  Sevier  VaUey  M  in  its  |  J  s;>tlheaat.  Thc  pwess  of  biding  tended 

middle  course  at  least,  has  been  const  to  produce  a  series  of  mountain  ranges  and  basins  corre- 

resulting  from  the  settling  of  a  block  between  spo(jrJin„  U)  l)l0  .^tit-lines  and  sync-iiies;  but  tho  uplifts 
two  or  cat  faults,  forming  n  fault  valley  or  werc  certainly  being  eroded  even  while  they  were  growing, 
“ffraben."  and  after  the  disturbance  ceased  they  continued  to  l* 


two  faults,  forming  il  fault  valley  or  ^^^rt^iybein^erodcHl  even  while  they  were  growing, 

“  ffraben  ”  and  after  the  disturbance  ceased  they  continued  to  l* 

®  worn  down  until  the  surface  became  a  weli-dis»ected 

CORRELATION  WITH  UINTA  RANGE.  mountainous  or  hilly  region  interspersed  with  wide, 

relatively  Hat  basins. 

Systematic  correlation  of  thc  physiographic  In  the  Wasatch  or  Lower  Eocene  epoch,  terrestrial  sedi- 
C  ‘  >  ond  PUfpnu  regions  h-s  meals  began  to  accumulate  m  the  lowlands,  probably  in 

forms  lit  the  Uinta  aid  1  -  »  '  response  to  mild  warping  movements  and  perhaps  climatic 

never  been  undertaken  hue  presents  a  problem  rhangcgt  w]tjtb  disturbed  the  activities  of  the  previously 
of  great  interest.  It  can  best  be.  accomplished  ^ccd  Streams.  *  *  *  Somewhat  later,  probably  near 
by  carefully  following  the  typicul  forms  from  the  middle  of  tho  Miocene  epoch,  the  district  was  notably 
ono  re*'iou  to  the  Other.  As  has  already  been  warped  and  locally  faulted  in  part  along  the  structural 

noted, "there  ..re  grnvol-covcred  benches  at  dif-  toes  established  at  the  close  of  the  Cmtoccous  but  m 
.  '  ,  ..  °  ■  ,  -r-r.  .  I  oart  at  variance  with  them.  It  is  probable  that  this  end- 

ferenfc  elevations  m  thc  Uinta  Kange,  and  Yertiary  disturtiance  involved  also  a  general  elevation 

these  seem  to  find  their  counterparts  in  simdnr  which  left  the  region  above  baeo-lcvel,  and  therefore  sub- 
benches  nround  the  higher  mountain  groups  ject  chiefly  to  erosion  rather  than  to  sedimentation, 
of  the  Plateau  province,  notably  in  tho  La  Sal  From  the  mid-Tertiary  revolution  down  to  the  present 
and  Abuio  and  less  prominently  in  the  Henry  time  the  history  of  western  Wyoming  is  a  chronicle  of  de- 

mountains.  These  benches,  which  evenly  trim-  o  evidently  not  aU^.  WM  mlcrraplt<i  by  sue- 
cute  Upturned  strata  of  different  powers  Of  CgagjVi3  elevatory  movements  or  other  changes  which  com- 
resistance,  were  undoubtedly  formed  during  a  polled  the  readjustment  of  stream  activities, 
period  of  stability,  and  are  doubtless  to  he  Atwooj  3  hft8  summarized  tho  post^Mcsozoic 
correlated  with  certain  benches  that  have  been  ^  of  the  San  Juan  Mountain  region,  Colo., 
developed  in  areas  of  essentially  horizontal  whose  movements  are  doubtless  to  be  correlated 
rocks.  In  the  areas  of  horizontal  rocks,  how- ,  ±  f  castern  Utnh  as  follows: 

- -  .A  _ _ *  T.„  J.U;A..U  i/v  I 


ever,  it  is  frequently  difficult  to  determine 


At  the  close  of  the  Mesozoic  era  and  the  opeuing  of  tho 


..  •  ,  *  ,  n  ..  At  i-uc  ti««c  ui  tut;  luvwion.  ciu  wm  who  '■>«  »* — 

whether  a  given  bench  represents  a  definite  ^  cra  lherc  were  moimuin.making  movement 
Stage  of  dogrudution,  whether  it  has  resulted  which  affected  the  entire  Rocky  Mountain  province  of 
from  the  differential  erosion  of  hard  and  soft  North  America,  and  the  great  dome  which  was  then  formed 
Strata,  or  whether  it  is  due  to  both  causes,  in  the  San  Juan  area  was  at  once  subjected  to  vigorous 
Correlation  of  tho  forms  developed  at  different.  eri?10I'-  „  „,,  _ _ . ,,  ,,  , 

.  1  *  *  *  The  western  portion  of  the  San  Juan  Mountain 

localities,  unless  actually  traced  ono  into  t.ie  area  was  reduced  to  a  surface  of  slight  relief  which  iuay  be 
Other,  is  therefore  opeu  to  doubt.  thought  of  aa  a  peneplain*  This  peneplain  bordered  on 

the  west  a  higher  area  of  mountainous  character,  which 
CORRELATION  WITH  WYOMING  AND  COLORADO,  supplied  the  material  for  the  Telluride  conglomerate.  The 

deposition  of  gravels  upon  this  peneplain  surface  was 
Westgute  and  Branson,1  Blackweider,  and  probably  duo  to  some  uplift  aud  rejuvenation  oi  the 
others  linvo  worked  out  in  considerable  detail  strcanis  >n  tho  eastern  portion  of  the  range.  After  the 
the  physiographic  history  of  areas  in  Wyoming  de*?uti?m  '/f  the  Trfhu^®  congtomomte  there  was  farther 

•  i  /  ,  ii  /'. i  j.  f  ,  .  erosion  in  the  range,  and  then  came  the  three  great  epochs 

that  prolmhly  find  corresponding  features  m  of  volcaai-n,  theSan  Juan,  the  Siberian,  and  thc  Potem- 
the  L  ill  til  oucl  the  r  III  tcuu  regions.  Black-  During  those  epochs  of  volcanism  a  great  volcanic  plateau 
Welder  3  summarizes  tho  physiographic  history  was  developed.  Uy  this  time  the  Miocene  epoch  had  been 
of  central  Western  Wyoming  ns  follows:  reached  aud  possibly  passed,  and  with  the  quieting  down 

- - - of  volcanic  activity  begun  the  erosion  nnd  dissection  oi  the 

J.''  °  '  an<1  nra"°".  R.  IL,  Tho  Cn.uioio  history  ol  tho  volcanic  plateau.  During  this  period  of  dissection  an- 
Wlnil  lUvur  MounUIni,  Wyo.:  Ocol.  Soc.  America  Dull.,vol.  Zs  a.  _  * 

7jq  ini*  1  “  - —  - - 

,’nu. ....  .  -  ,  *  At  wood,  W.  W.,  Hooas  glacial  dtposiU  Id  iotitlwm  Colorado: 

:  .  history  of  the  mcantaira  ot  U.R.  GroL  Sonny  Prot.  PajH-rlc.,  pp. 21-54  IMS. 

oontn.'  Wyoming:  Jour.  UooK«y.  vol.  23,  No.  4.  pp.aaWW,  -Cos,,  Whitman.  U.  S.  Cool.  Survey  Oool.  At  la,  Sllvrr.on  foUo 

•  (No.  129),  1905. 
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other  generation  of  San  Juan  Mountains  wore  carved,  this 
time  out  of  volcanic  debris  and  great  lava  flows. 

With  the  redoming  of  the  area,  which  involved  the 
warping  or  doming  of  the  summit  peneplain,  another  cycle 
of  erosion  was  begun. 

BASIN  PROVINCE. 

CHARACTER. 

Tho  Basin  province,  as  already  indicated, 
is  characterized  by  a  series  of  neatly  north- 
south  ranges  rising  above  a  plateau  of  broad, 
flat  desert  valleys  4.000  to  5,000  feet  above 
sea  level. 

The  ranges  show  great  diversity  in  composi¬ 
tion  and  structure.  Many  are  complexes  of 
sedimentary,  intrusive,  und  extrusive  roeks,  tbc 
complexity  being  especially  prominent  in  tho 
Tushar-San  Francisco  intrusive  zone.  Somo  of 
them  exhibit  little  folding,  while  in  others,  as 


DEVELOPMENT. 

in  elevation  and  finally  merge  with  tho  valley 
bottoms  and  cease  to  be  recognizable.  Many 
ot  these  cones  extend  far  hack  into  the  ranges 
and  in  some,  like  the  Beaver  Lake  Range,  nearly 
bury  the  mountain. 

Tho  deposits  of  tho  valleys  consist  of  gravels, 
sands,  and  clays.  Their  depth  is  unknown,  but 
nt  sevoral  places  they  have  been  penetrated  by 
wells  to  depths  of  several  hundred  feet,  and 
there  is  little  doubt  that  their  thickness  is  to 
be.  measured  in  thousands  of  feet. 

ORIGIN  OF  TFIF.  BASIN  RANOES. 

1  he  processes  by  which  the  physiographic 
features  of  tho  Basin  Ranges  were  formed  have 
been  discussed  by  many  investigators,  includ¬ 
ing  Gilbert,  King,  Powell.  Dutton,  Russell,  ami 
moro  recently 'by  Spurr,  Davis,  Louder  back, 


Floras  2—  OonerellMd  section  through  the  Mineral,  Beaver  Lake,  San  Francisco,  and  Wall  Wall  ranges,  showing  structural  rolattCM. 
<=,  Reooal  sodlments;  ft,  quarWto;  c,  limestone;  ■!,  shale;  t,  lava;  /,  granitic  rock. 


the  Tintic  and  Oquirrh,  folding  is  an  important 
structural  foaturo. 

A  characteristic  of  tho  ranges  that  has  been 
recorded  by  several  observers  is  that  their 
fronts,  which  truncate  rocks  of  very  different 
degrees  of  resistance  to  denudation,  form  essen¬ 
tially  straight  lines,  though  the  variation  in 
the  amount  of  erosion  that  has  taken  place  in 
the  different  rocks  within  the  rango  may  bo 
pronounced.  The  trend  of  the  ranges  boors 
no  close  relation  to  the  internal  structure. 
Where  folding  is  important,  as  in  the  Oquirrh 
Range,  tho  general  trend  of  tho  range  is  at  an 
angle  to  tho  trend  of  the  folds,  so  that  along 
tho  margins  of  the  ranges  the  folds  are  trun¬ 
cated.  This  is  truo  also  of  tho  Wasatch  Range. 

In  several  ranges,  especially  the  southern 
ones,  tho  sedimentary  rocks  dip  in  one  genoral 
direction  throughout.  In  some  of  these  the 
uppermost  formation  consists  of  flows  of  lava 
having  the  same  attitude  as  tho  underlying 
sedimentary  rocks.  (See  fig.  2.) 

Extending  outward  from  the  principal  val¬ 
leys  in  the  ranges  ore  the  groat  debris  cones  or 
fans  characteristic  of  tho  region.  The  cones 
from  adjacent  valleys  may  coalesce  laterally, 
forming  a  debris  apron  along  tho  range.  Out¬ 
ward  from  the  raugo  they  gradually  decrease 


Rnnsoine,  Lawson,  und  others,  in  whose  writ¬ 
ings  the  prevailing  ideas  of  tho  origin  of  the 
Basin  Rungcs  and  the  evidence  therefor  can  be 
found. 

One  of  the  earliest  views  formulated  was  that 
of  Clarence  King,1  who  wrote: 

These  low  mountain  chains  which  lie  traced  sic  row  the 
desert  with  a  north  and  south  trend  are  ordinarily  the 
tops  of  folds  whose  deep  synclinal  valleys  arc  filled  with 
Tertiary  and  Quaternary  detritus. 

Later  King2  greatly  modified  bis  earlier 
views  and  came  more  nearly  to  agree  with  Gil¬ 
bert  (see  below)  as  to  their  mniuicr  of  origin. 
J.  E.  Spurr,3  however,  moro  recently  advanced 
the  belief  that  the  present  form  of  the  ranges  is 
due  primarily  to  erosion,  a  belief  in  general 
accordance  with  tho  earlier  views  of  King. 

Soon  after  King  published  his  earlier  expla¬ 
nation  of  the  origin  of  tho  Basin  Ranges,  Gil¬ 
bert  *  suggested  that  tho  region  had  been 
broken,  mainly  along  north-south  lines,  into 
blocks  that  hud  been  tilted  at  various  angles. 
(See  fig.  3.)  Gilbert’s  theory  of  the  origin  of  the 

i  U.  S,  Cool.  Espl.  -I0U)  Par.,  Final  Ropl.,  vol.3,  p.  191,  1870. 

*  King,  Clarence,  Svsloma’-lo  geology:  U.  S.  Oeol.  Expl.  40th  Par. 
Final  Rept.,  vol,  1,  p.  Tii,  1S78, 

»  Gcol.Soc.  America  Ball.,  vol.  12,  p.  217, 1901. 

•  Gilbert,  G.  K.,  Preliminary  geological  report:  U.  S.  Geog.  Survey* 
W.  100th  Mor.  Prog.  Rapt.,  for  1872,  Appendix  D,  p.  90, 1S74. 
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Babin  Ranges  lias  been  pretty  generally  ac¬ 
cepted  by  subsequent  observers,  with  some 
modifications.  In  a  paper  prepared  by  Dr. 
Gilbert  shortly  before  his  death  in  1918  he 
reached  essentially  the  same  conclusion  regard¬ 
ing  the  origin  of  the  Basin  Ranges  as  ho  did  in 
his  earlier  paper.  Le  Conte 1  has  suggested  that 
tiie  rogion  was  broken  into  blocks  by  a  subsi¬ 
dence  following  un  uplift,  or  more  probably  by 


KlGURR  3. — form  of  fault  ill«rrv  idling  <*rt*!yn 


a  succession  of  uplifts  and  subsidences  caused 
by  in  tumescent  lava.  The  writer  has  offered  a 
similar  explanation  for  the  Basin  Ranges  in 
southern  Utah,2  where  faulting  followed  the  ex¬ 
trusion  of  a  largo  amount  of  lava.  Louder- 
back2  has  given  convincing  evidenco  of  fault- 
block  structure  in  the  Humboldt  Range  hi 
Nevada,  the  faulting  having  occurred  subse¬ 
quent  to  the  latest  volcanic  uctivity  of  that 
region.  W.  M.  Davis4  has  called  attention, 
especially  to  the  chnracter  of  the  region  previous 
to  the  faulting  and  to  tho  changes  in  the  ranges 
that  may  bo  expected  to  result  from  erosion 
(sco  fig.  4),  and  hus  been  uble  to  show5  that 
tho  ranges  are  in  different  stages  of  dissection. 
(See  PI.  III.)  Lawson"  has  very  clearly  described 
tho  cycle  of  erosion  hi  a  desert  region  and  the 
gradual  progress  of  tho  debris  cones  up  the 
valleys  until  in  advanced  stages  they  may  ul- 
niost  bury  the  range.  To  judge  from  tho  cri¬ 
teria  developed  by  Davis  and  by  Lawson  the 
least  mature  and  presumably  the  youngest 
ranges  of  Utah,  as  tho  Wasatch  and  Tushar 
ranges,  lip  along  the  eastern  boundary  of  the 


,  ’ , 0  011  lh0  of  normal  Inn jt.  and  11, c  Uruclu" 

»l  thn  Dulo  RJU*n:  Am  Jour.  Sri.,  ,vl  **.,  vu,  ls  .  “  “ 


— . .  VV  ixn, 


Basin  province,  and  the  more  matured  forms 
lie  well  within  it.  The  younger  ranges  arc  dis¬ 
tinguished  not  done  by  their  physiographic 
form  but  by  the  presence  of  fault  scarps  in  the 
Pleistocene  sediments  along  their  fronts.  Ro- 
cent  earthquake  shocks  in  the  region  are  prob- 
nbly  due  to  movement  on  some  of  these  faults. 
A  somewhat  similar  condition  seems  to  obtain 
on  tho  western  side  of  the  Great  Busin,  and 
one  is  led  to  wonder  if  the  Basin  province  is  and 
has  been  expandingut  tho  expense  of  the  more 
elevnted  regions  on  both  sides.  It  should  be 
noted,  however,  that  there  are  ranges  of  ap¬ 
parently  rather  recent  origin  well  within  the 
borders  of  the  Basin  province,  notably  the 
1  Humboldt  Range  described  by  Louderbuck.7 


EROSION  AND  SEDIMENTATION. 


Subsequent  to  the  formation  of  the  Basin 
Ranges  the  principal  physiographic  features 
developed  have  been  those  due  to  erosion  and 


*h0Wln'!  »f  «*•*«  l»  fruit* block  a 
.3lns.  a,  \yiuigalnco;  b,  maiur*  stagf .  After  W.  M.  Da\1s. 


sedimentation.  The  valleys  in  younger  ranges 
like  the  Wasatch  are  characteristically  of  tho 
canyon  type,  and  in  older  ranges  like  the  Beaver 
Luke  are  broad  and  open.  Where  tho  streams 
pass  from  the  mountain  ranges  to  the  flat 
intermountain  areas,  alluvial  cones  have  been 


Great  Basin,  region  of  the  State  was  occupied 
Luke  Bonneville,  of  which  Great  Salt  Lake  a 


'  o.  t>„  op.  cit.,  pP.  ao-ua. 
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other  smaller  lakes  may  bo  regarded  as  rem¬ 
nants,  deltas  and  various  types  of  shore  deposits 
and  wave-cut  cliffs  were  formed.'  The  highest 
or  Bonneville  beach  is  about  1 ,000  foot  above 
the  present  level  of  Great  Salt  Lake.  The  Provo 
beach  is  about  375  feet  lower.  Other  beaches 
can  be  recognized  at  many  localities. 

Tlio  work  of  wind  ns  an  agent  of  erosion 
and  transportation  is  less  understood  than  that 
of  water,  and  there  is  considerable  difference  of 
opinion  concerning  its  importance.  Ntr  one 
familiar  with  arid  regions  can  doubt  its  ability 
to  transport,  sediments,  and  locally,  as  Cross1 
has  shown,  it  is  an  erosive  agent  of  some  impor¬ 
tance.  But  the  writer's  observations  have  led 
him  to  believe  that,  the  major  features,  both  of 
the  Basin  and  Plateau  provinces,  are  the  result 
of  water  erosion,  transportation,  and  deposition. 
All  the  larger  physiographic  features  resulting 
from  denudation  are  related  to  features  that 
are  clearly  the  result  oi  the  work  of  waters. 
Runsome 3  has  pointed  out  the  inconsistency  and 
absurdity  of  considering  the  wind  to  have  been 
the  dominant  cause  of  the  Basin  Ranges,  and 
there  seems  to  be  little  basis  for  considering  it 
to  have  been  dominant  in  the  Plateau  province. 

DEVELOPMENT. 

Throughout  the  Mesozoic  era,  and  perhaps 
into  the  Cenozoie,  most  of  the  Basin  province 
in  Utah  was  undergoing  erosion,  the  sediments 
being  deposited  to  the  eastward  in  what  is  now 
the  Plateau  province.  In  post-Cretaceous  or 
early  Tertiary  time  there  was  a  general  uplifting 
of  the  region,  including  both  the  present  Basin 
and  Plateau  provinces.  Accompanying,  or 
closely  following,  this  uplift  there  was  exten¬ 
sive  volcanic  activity,  and  following,  arid  pos¬ 
sibly  accompanying,  the  volcanic  activity  there 
was  a  partial  subsidence,  during  which  the 
Basin  region  broke  into  a  series  of  blocks, 
which  settled  unevenly,  producing  the  ridges. 
This  uplift  and  subsidence  need  not  besupposod 
to  have  been  two  clearly  defined  events;  tire 
relations  are  fur  more  readily  understood  if 
attributed  to  intermittent  uplift,  volcanic 
activity,  and  subsidence  extending  over  ft  long 
period.  The  relative  uplift  of  the  Plateau 
province  was  greater  than  that  of  the  Basin 
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province,  or  more  probably  the  subsidence  in 
the  Basin  province,  was  greater  tluifi  that  in 
the  Plateau  province.  Eventually  this  rela¬ 
tive  difference  in  elevation  and  subsidence 
caused  the  Plateau  province  to  stand  at  a 
higher  elevation  than  the  Basin  province;  and 
differential  elevation  and  subsidence  in  the 
Basin  province  caused  the  formation  of  a  basin 
whose  lowest  portion  was  considerably  below 
the  run.  Whether  this  differential  settling  has 
been  in  progress  over  the  present  area  of  the 
Basin  province  throughout  its  period  of  forma¬ 
tion,  or  whether  it  began  within  the  present 
boundary  and  has  been  gradually  progressing 
outward,  is  not  yet  known.  As  noted  (p.  72), 
the  relative  immaturity  along  its  borders  sug- 
gests  progression. 

As  soon  as  the  irregular  settling  of  the  blocks 
had  caused  some  areas  to  bo  lower  than  others 
agencies  of  denudation  attacked  the  higher 
portions,  and  the  resulting  detritus  was  de¬ 
posited  in  the  lower  nreas  and  produced  the 
broad  flat  intormountain  valleys. 

The  lowering  of  the  Basin  province  below 
the  Plateau  province  caused  ft  reversal  of  the 
drainage,  which  had  previously  been  from  the 
Basin  region  to  the  Plateau  province.  The 
streams  began  to  work  gradually  back  by 
headwater  erosion  into  the  Plateau  region. 
This  process  has,  however,  been  relatively 
slow,  and  the  Great  Basin  drainage  has  been 
able  to  encroach  only  a  few  miles  on  the  Plateau 
region.  The  slightness  of  this  encroachment, 
os  compared  with  that  of  the  Colorado  drainage 
(see  PI.  I),  may  be  due  to  two  principal  causes. 
First,  the  Great  Basin  drainage  was  probably 
not  initiated  till  some  time  after  the  elevation 
of  the  region,  whereas  that  of  the  Colorado 
probably  had  its  beginning  simultaneously 
with  the  initial  uplift;  and,  second,  each  addi¬ 
tional  uplift  of  the  region  raised  it  higher  above 
the  base-level  of  the  Colorado  system  (the  sea), 
giving  renewed  power  to  that  system,  whereas 
the  uplift  of  the  Great  Basin  raised  its  base- 
level  (the  lower  portion  of  tlio  Basin)  along  with 
tho  rest  of  the  region,  and  gave  no  additional 
power  to  the  streams.  Tho  only  change  in 
base-level  for  the  streams  entering  the  Great 
Basin  has  resulted  from  the  relatively  greater 
sinking  of  the  Busin  province  ns  compared 
with  the  Plateau,  and  this  has  been  in  part 
balanced  bv  the  filling  of  the  basin  with  sedi¬ 
ment,  which  bus  tended  to  raise  tho  base-level. 
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It  is  considered  by  some  that  the  streams 
that  pass  from  the  Plateau  region  to  the  Basin 
region  are  antecedent — that  is,  that  they  have 
maintained  their  courses  while  the  mountain 
ranges  were  rising  across  their  path.  If  the 
development  of  the  region  has  been  correctly 
interpreted  in  tbo  preceding  paragraphs,  this 
seems  extremely  unlikely.  If >  at  the  begin¬ 
ning  of  the  uplift,  the  drainage  was  from  the 
Basin  Range  province  to  the  Plateau,  there 
was,  at  the  time  of  the  reversal,  no  drainage 
westward  from  the  Pluteau  province  to  main¬ 
tain  itself.  It  also  .seems  significant  that  the 
Canyon  Range,  the  most  notable  example  of 
a  mountain  cut  directly  across  hy  a  river,  was 
probably  completely  buried  by  early  Tertiary 
sediments  *  and  was  gradually  uncovered  as 
the  stream  cut  its  valley.  The  Beaver  River 
canyon  through  tho  Mineral  Range  has  been 
developed  along  a  line  of  faulting  and  is  evi¬ 
dently  controlled  hy  tho  weakness  of  the  rock 
at  that  locality  and  has  no  connection  with 
preuplift  drainage.  The  Squaw  Springs  Pass 
through  the  San  Francisco  Range  has  also 
developed  along  a  line  of  faulting.  The  west¬ 
ern  drainage  has  pushed  through  the  range 
and  has  captured  a  small  drainage  area  on  the 
east  aide  of  the  range.  Other  canyons  of  the 
western  slope  of  the  San  Francisco  Range  have 
pushed  far  inward  toward  its, eastern  margin 
but  have  not  yet  cut  completely  through. 
Here  tho  western  drainage  has  a  much  shorter 
distance  to  the  same  base-level  (Sevier  Lake) 
than  the  eastern  and  has  therefore  been  able 
to  accomplish  much  more,  and  the  development 
of  a  valley  across  the  range  plainly  can  not  be 
attributed  to  antecedent  drainage.  (See  fig.  y.) 
Most  of  tho  streams  crossing  u  raugo  that  have 
been  noted  hy  the  writer  may  ho  logically 
accounted  for  by  normal  headward  erosion. 

An  unpublished  manuscript  on  the  Busin 
Ranges  by  Dr.  G.  Iv.  Gilbert  cites  evidence  to 
support  the  idea  that  a  relative  uplift  of  the 
area  east  of  tho  Wasatch  Range  resulted  in  a 
reversal  of  the  drainage  bofore  the  present 
Wasatch  Mountains  were  formed,  and  that  that 
drainage  was  maintained  across  this  range  as 
it  was  upliftod. 


COR  RELATION  OF  THE  GREAT  BASIN  "WITH  THE 
OTHER  PROVINCES. 

With  the  data  at  present  available  it  is  not 
possible  closely  to  correlate  the  later  physio¬ 
graphic  development  of  the  Basin  province  of 
Utah  with  that  of  the  provinces  to  the  east. 
The  several  striking  stages  of  crosionul  devel¬ 
opment  that  have  been  recognized  to  the  east 
arc  cither  absent  in  tho  Basin  province  or  if 
present  are  so  modified  that  they  have  not 
been  recognized.  A  careful  determination  and 
correlation  of  the  late  physiogruphic  develop¬ 
ments  within  and  without  the  Basin  drainage 
promises  most  interesting  and  important  re¬ 
sults.  The  rather  meager  observations  of  the 
writer  suggest  that  development  has  been  very 
different  within  and  without  the  Basin.  Out¬ 
side  the  Basin  every  elevation  or  depression  of 
the  region  has  changed  the  elevation  relative 
to  the  base-level,  and  the  consequent  renewal 
or  retardation  of  the  work  of  the  streams  has 
found  expression  in  the  physiography.  Inside 
the  Basin  such  elevations  and  depressions  have 
not  changed  the  elevation  relative  to  tho  base- 
level;  the  streams  have  therefore  not  been 
rejuvenated,  and  the  physiographic  develop¬ 
ment  has  been  more  uniform.  The  results  due 
to  climatic  changes  both  within  and  without 
the  Basin  are  probably  nearly  uniform  in  the 
more  elevated  portions.  The  results  in  the 
lower  portions,  however,  are  markedly  differ¬ 
ent;  outside  the  Basin  a  change  in  precipitation 
simply  affected  the  size  of  the  streams,  which 
flowed  freely  to  tho  sea;  whereas  within  the 
Basin  it  affected  the  areas  of  tho  lakes. 

GEOLOGY. 

STRATIGRAPHY. 

The  stratigraphy  of  Utah  is  so  complex  that 
its  complete  discussion  would  require  space 
far  in  excess  of  that  available.  The  attempt 
here  is  merely  to  outline  the  major  features  and 
prepare  a  general  setting  for  the  more  dotailed 
discussions  devoted  to  the  several  districts. 

GEOLOGIC  MAP. 

The  topographic  base  map  (PI.  I),  on  which 
the  geology  has  been  platted,  was  compiled 
for  the  most  part  from  the  older  topographic 
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maps  of  the  United  States  Geological  Survey, 
on  the  1 :250,000  scale,  now  issued  us  recon¬ 
naissance  maps.  These  maps  leave  much  to 
be  desired  in  the  way  of  detail  and  accuracy, 
hut  they  give  a  fair  idea  of  tho  topography  of 
the  region  and  are  of  great  value  in  the  absence 
of  better  maps.  The  small-scale  map  compiled 
from  them  naturally  inherits  their  imperfections 
but  nevertheless  gives  a  better  idea  of  the  rela¬ 
tions  of  geology  to  topography  than  a  map  with¬ 
out  contours. 

The  geologic  map  (PI.  IV)  has  been  compiled 
from  many  sources  and  includes  considerable 
unpublished  material  kindly  furnished  by 
members  of  the  Geological  Survey.  The  mate¬ 
rial  used  differed  widely  in  accuracy,  ranging 
from  large-scale  maps  of  mining  districts  on 
which  the  formations  havo  been  qu  (lined  with 
great  earn  to  reconnaissance  sketches  based  in 
part  on  long-range  observations.  It  is  hoped 
that  tho  users  of  the  map  will  l<eep  this  in  mind. 
Tho  material  used  includes  the  uiaps  made  by 
tho  Wheeler,  Hayden,  and  Fortieth  Parallel 
surveys;  those  of  Gilbert,  Dutton,  Powell, 
Wb  ile,  Eldridge,  and  Gregory;  mining  maps  of 
several  districts  in  tho  Stale,  including  those 
by  Spun’,  .Bout well,  Loith  and  Harder,  Tower 
and  Smith,  and  Lindgren  and  Louglilin;  maps 
of  coni' and  oil  regions  by  .Richardson,  Gale, 
Wegemonn,  Woodruff,  Lupton,  and  Clarke; 
and  maps  of  the  phosphntic  deposits  by 
Richards,  Mansfield,  Black  welder,  and  Schultz. 
Messrs.  Schultz  nnd  Lupton  havo  furnished 
data  from  unpublished  reports,  tho  former  for 
the  region  around  tho  Uinta  Mountains,  and 
the  latt|er  for  that  around  tho  San  liafael 
Swell.  Most  of  tho  mining  districts  of  the 
State  have  been  visited  by  tho  writer  or  by 
Mr,  Loughlin,  and  such  stratigraphic  infor¬ 
mation  as  was  collected  has  been  incorporated 
in  tho  map.  Additional  data  concerning  local 
areas  have  been  obtained  from  many  other 
sources. 

Hie  units  of  representation  chosen  have  been 
geologic  systems  rather  than  formations,  for 
two  reasons:  First,  it  is  desired  to  keep  tho 
inup  ns  simple  as  possible  in  order  that  the 
generul  features  may  not  bo  hidden  in  a  mass 
of  detail;  nnd  second,  tho  information  necessary 
for  a  consistent  mapping  by  formations  through¬ 
out  tho  State  does  not  yet  exist. 

Under  the  pre-Cambrian  nro  included  areas 
of  schists  and  quartzites  that  mo  unquestion¬ 


ably  older  than  tho  known  Cambrian.  It  is 
probable  that  some  of  tho  quartzite  included 
under  the  Cambrian  will  cveutually  be  shown 
to  be  pre-Cambrian,  but  tho  separation  has 
been  made  in  only  a  few  places  and  the  regional 
separation  requires  further  study. 

Under  Cumbrian  are  included  all  the  sedi¬ 
ments  known  to  bo  of  that  age  and,  as  already 
noted,  some  quartzites  that  are  probably  older. 

Under  Ordovician  and  Silurian  are  included 
tho  strata  known  to  be  of  those  ages. 

Under  Carboniferous  are  included  all  the 
known  Carboniferous  rocks,  but  not.  the 
“Permo-Carboniferous”  of  earlier  surveys. 

Under  the  Triassic  are  included  tho  Trjassic 
of  the  recent  maps  and  the  “  Permo-Carbonifer¬ 
ous”  of  some  of  the  older  maps’.  Study  of  the 
fossils  in  the  phosphate  fields  of  Idaho,  Wyo¬ 
ming,  nnd  Utah  in  recent  years  has  led  to  the 
assignment  to  the  Trinsaic  of  the  strata  pre¬ 
viously  designated  ''Permo-Carboniferous”; 
and  ns  the  “  Permo-Carboniferous  ”  beds  of 
southern  Utah  contain  the  same  fossil  forms 
they  arc  also  assigned  to  the  Triassic. 

The  upper  boundary  of  the  Triassic  in  south¬ 
ern  Utah  is  placed  ut  the  bottom  of  the  White 
Cliff  sandstone  of  Powell  and  Dutton,  which  is 
considered  (though  not  proved)  to  be  equiva¬ 
lent  in  whole  or  part  to  the  La  Plata  sandstone 
of  western  Colorado.  In  Utah  no  convincing 
evidence  that  this  is  tho  boundary  between 
Triassic  and  Jurassic  has  beou  discovered,  but 
in  Colorado  an  unconformity  found  by  Cros3  at 
the  base  of  the  La  Plata  seems  to  warrant 
making  this  dividing  line.  Around  the  Uinta 
Range  there  bas  been  little  detailed  mapping 
separating  the  Jurassic  and  Triassic,  and  their 
distribution  us  shown  on  the  map  is  largely  fin 
arbitrary  division  of  tho  area  covered  by  tho 
rocks  of  those  systems. 

Tne  Jurassic  includes  tho  rocks  from  tho  base 
of  tho  White  Cliff  sandstone  to  the  b&so  of  tho 
Dakota  sandstone.  The  upper  portion  in¬ 
cludes  the  MclClnio  formation,  equivalent  to 
tho  “Lower  Dakota”  of  the  Iluyden  survey 
in  Utah  and  approximately  equivalent  to  the 
Flaming  Gorge  of  Powell,  Gilbert,  and  Dutton. 

There  is  no  general  agreement  among  geolo¬ 
gists  os  to  the  separation  of  the  Jurassic  and 
Cretaceous.  On  the  map  all  the  rod  and  varie¬ 
gated  beds  above  the  White  Cliff  sandstone  are 
shown  as  Jurassic.  It  is  recognized  by  many 
geologists  and  strongly  contended  by  some  that 
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the  Cretaceous  may  include  the  MeElmo  forma¬ 
tion,  in  which  case  it  extends  down  to  the  ma¬ 
rine  Jurassic  shales,  which  in  Utah  extend  for 
only  it  few  hundred  feet  above  the  White  Cliff 
sandstone'.  In  recent  years,  however,  the 
United  States  Geological  Survey  has  culled  j 
these  rocks  questionable  Jurassic,  and  this 
usage  is  followed  in  tliis  report.  The  reader 
should  clearly  recognize,  however,  the  uncer¬ 
tainty  as  to  the  age  of  these  rocks. 

Under  Cretaceous  are  included  the  forma¬ 
tions  from  tho  base  of  the  Dakota  sandstone  to 
the  Tertiary. 

Under  Tertiary  are  included  nil  sedimentary 
formations  so  mappod  in  reports  on  the  State. 

Under  Quaternary  are  included  the  valley 
fillings  between  the  basin  ranges,  tho  uncon¬ 
solidated  deposits  along  some  of  the  larger 
streams,  and  other  areas  of  recent  debris,  whore 
it  buries  the  earlier  rocks. 

Under  extrusive  rocks  are  included  all  flow's, 
tuffs,  breccias,  and  other  igneous  rooks  of  what¬ 
ever  ago  or  composition  that  reached  tho  sur¬ 
face  before  solidifying.  For  the  most  part  they 
are  Tertiary. 

Under  intrusive  rocks  are  included  all  post- 
Paleozoie  rocks  that  solidified  below  the  surface 
and  were  later  exposed  by  erosion.  Small 
areas  of  pre-Cambrian  intrusives  have  not  been 
differentiated  from  other  pre-Cambrian  rocks. 

Geologic  sections  in  the  several  districts  of 
the  Slate  are  assembled  and  correlated  on 
Plates  V  and  VI,  in  pocket. 

l’OSSILS. 

Plates  showing  some  of  tho  fossils  respec¬ 
tively  characteristic  of  Paleozoic  eras  and  of 
the  Trimssic  and  Jurassic  periods  have  been 
prepared  by  the  paleontologists  of  the  Survey 
and  will,  it  is  hoped,  assist  the  mining  men  of 
the  State  to  determine  tho  ago  of  the  rocks  in 
which  they  aro  working.  (See  Pis.  VII  to  X 
and  LIT  to  LVII.) 

It  is  perhaps  needless  to  say  that  persons  not 
trained  in  tho  determination  of  fossils  will  find 
difficulty  in  recognizing  the  different  forms,  and 
certainly  caution  should  bo  observed  in  basing 
age  determination  on  a  single  specimen.  But  it. 
is  behoved  that  tho  layman  will  generally  he 
able  readily  to  determine  from  which  of  the 
major  divisions  a  collection  of  fossils  lias  been 

derived. 


SEDIMENTARY  ROCKS. 
l’nr.-C.YMWRIAN  ROCKS. 

The  pre-Cambrian  rocks  ineludo  some  granite 
but  consist  mainly  of  schists,  quartzites,  and 
slat  es,  all  more  i >r  less  met  amorphi wed.  Locn lly, 
at  least,  ns  in  Big  and  Little  Cottonwood  can¬ 
yons,  tillito  is  an  important  and  interesting 
member  of  the  scries.  In  general,  the  lower 
members  nre  the  most  highly  altered.  The 
schists,  as  those  of  Browns  Park  in  the  Uinta 
Range,  have  been  generally  regarded  as  Ar- 
ehean;  and  tho  members  immediately  under¬ 
lying  tho  Cambrian  in  the  Big  Cottonwood 
region  are  pretty  certainly  Algonkian. 

The  boundary  between  the  Cambrian  and 
Algonkian  rocks  has  been  determined  in  but 
few  places  in  tho  State.  Bluckwoldcr,  Ilintze, 
and  others  have  located  it  from  American  Fork 
and  the  Cottonwoods  northward  to  Brigham, 
and  it  seems  highly  probable  that  future 
studies  may  differentiate  tho  great  quartzite- 
slatc-shale  series  at  other  localities. 

Little  is  known  regarding  the  thickness  of  the 
series.  (Seo  Pis.  V,  VI.)  In  tho  Big  Cotton¬ 
wood  Canyon  10,000  to  11,000  feet  of  Algon¬ 
kian  strata  are  exposed.  To  the  north  the 
upper  members  have  been  removed  by  erosion 
and  in  places  the  Cambrian  rests  directly  on  tho 
Archeoii.  In  other  parts  of  the  Cordillernn 
region  the  Algonkian  rocks  show'  great  thick¬ 
ness  and  more  varied  character  than  in  Utah. 
Walcott 1  says: 

In  Arizona  the  Algonkun  period  oi  sedimentation  is 
represented  l\v  nearly  1 2.1)00  feet,  in  thickness  of  sandstone, 
shale,  and  limestone  of  tho  €  rand  Canyon  group,  In  Utah 
r.nd  Nevada  sediments  forming  only  .-sudsiotio  and 
siliceous  shale  appear  tzj  have  gathered,  while  in  Montana 
there  is  a  development  oi  limestone  4,800  foot  in  thickness 
in  addition  to  nearly  20.000  feet  of  siliceous  and  arenaceous 
beds. 

The  most  extensive  area  of  pre-Cambrian  in 
the  Stato  is  along  tho  front  of  tho  Wasatch 
Range,  where  it  is  present  from  a  point  neat 
Willard  to  Centerville  and  again  near  the 
Cottonwood  canyons.  It  also  forms  Fremont 
and  Antelope  islands  in  Grout  Salt  Luke  anti 
probably  tho  western  portion  of  Promontory 
Point.  Tiie  pre-Cambrian  makes  up  a  largo 
part  of  the  ranges  between  the  Tinlic  and 

i  Wulmtt  f.  D.,  Tli*  Cumbrian  unci  it*  problem*  In  tho  Oardilloran 
region:  Froblrms  in  A  inert  mn  ecology,  p.  113,  lute  University  Frias, 
i  aii 
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Thomas  ranges,  and  farther  to  the  west  small 
areas  of  schist  arc  exposed  in  the  Granite  and 
Deep  Creek  ranges.  In  the  northwestern  part 
of  the  State  the  pre-Cambrian  is  present  iri  the  [ 
Raft  River  and  Gronse  Creek  mountains.  In 
the  eastern  Uinta  Mountains  the  pre-Cambrian 
is  exposed  north  of  Browns  Peak  in  tho 
vicinity  of  Red  Creek  and  for  several  miles  to 
tho  east  and  west,  and  a  part  of  the  great 
quartzite  senes  of  the  range  Is  probably  pre- 
Cambrian.  It  is  also  exposed  in  some  of  the 
valleys  near  the  Colorado  State  line  north  of 
tho  Denver  &  Rio  Grande  Railroad.  A  small 
exposure  of  pre-Cambrian  in  the  extreme  south¬ 
western  corner  of  tho  State  in  the  Beaver  Dam 
Mountains  is  a  portion  of  a  larger  area  in 
Arizona  and  Nevada. 

CAMBRIAN'  SYSTEM. 

DISTRIBUTION  AND  CHARACTER. 

Cambrian  rocks  are  widely  distributed  in 
western  Utah.  They  lie  nt  the  western  base 
of  the  Beaver  Dam  Mountains  in  the  extreme 
southwestern  comer  of  the  State.  Farther 
north  they  form  the  Wah  Wtih  Range,  part  of 
the  San  Franc isco-Beuver  Creek  Range,  a 
large  part  of  the  House  Range  and  of  the  south¬ 
ern  part  of  the  Thomas  Range.  Still  farther 
north  they  are  present  in  the  southern  portion 
of  the  Deep  Creek  Range  and  in  the  Simpson, 
Tintic,  Stansbury,  and  Oqulrrh  ranges.  They 
aro  exposed  in  the  Wasatch  Range  at  several 
places  from  Mount  Nebo  northward.  In  the 
extreme  northwestern  part  of  the  State  Cam¬ 
brian  rocks  are  present  in  the  Raft  River 
Range.  In  the  northeastern  part  of  the  State 
the  central  plateau  of  tho  Uinta  Range  is 
probably  principally  Cambrian,  though  older 
rocks  may  bo  exposed  in  the  canyons.  (Sec 
PI.  V,  in  pocket.)  Certain  fossils  that  nre 
characteristic  of  Cambrian  rocks  and  by  which 
they  maybe  identified  nre  shown  in  Plate  VII. 

The  character  of  the  Cambrian  varies  some¬ 
what  from  place  to  ploce,  but  everywhere  the 
early  Cumbrian  is  composed  mainly  of  quartzite 
and  sandy  shale  and  the  later  Cambrian  mainly 
of  limestone,  ihc  thickness  of  the  Cambrian 
differs  greatly  in  different  parts  of  the  State. 
Along  the  eastern  border  of  the  State,  north 
of  the  La  Sal  Mountains  and  in  adjacent  parts 
of  Colorado,  the  Cambrian  is  entirely  lacking 
ami  along  the,  southern  border  and  in  adjacent 


portions  of  Arizona  it  is  represented  by  only 
a  few  hundred  feet  of  quartzite  and  shale. 
In  western  and  northern  Utah,  on  the  other 
hand,  its  thickness  is  thousands  of  feet — in  tho 
House  Range  more  than  9,000  feet  are  exposed. 

Although  close  correlation  is  not  possible 
where  the  formations  can  not  be  traced  from 
one  range  to  another,  nevertheless  certain 
formations  are  so  characteristic  that  they  are 
readily  recognized  over  wide  areas,  and, 
though  they  may  not  everywhere  represent 
precisely  the  same  horizon,  their  recognition 
nids  greatly  in  understanding  the  geology. 
(See  Pis.  V,  VI,  in  pocket.) 

EARLY  CAMBRIAN  QUARTZITE. 

The  lowest  formation  of  the  Cambrian  is  a 
massive  quartzite  that  is  probably  several 
thousand  feet  in  thickness  in  many  localities.' 
Its  exact  thickness,  however,  is  known  in 
but  few  places,  for  in  but  few  has  it  been 
separated  from  the  AJgonkian.  In  Big  Cotton¬ 
wood  Canyon,  where  the  boundary  has  been  de¬ 
termined,  the  thickness  of  the  Cambrian  quartz¬ 
ite  is  given  by  Hintze  as  about  700  or  800  feet. 
In  the  Tintie  Mountains,  however,  over 6, 000  feet 
of  quartzite  is  exposed,  in  which  no  Algonkian 
has  been  recognized,  though  Mr.  Loughlin 
states  (p.  398)  that  the  lower  portion  may  prove 
to  be  pre-Cumbrian.  The  quartzite  has  been 
given  different  names  in  the  different  ranges,  as 
Tintic  quartzite,  in  the  Tintic  Range;  Brigham 
quartzite,  in  the  northern  Wasatch  Runge; 
“Weber”  quartzite,  in  tho  Uinta  Mountains; 
and  Prospect  Mountain  quartzite  in  the  House 
Range,  where  it  is  correlated  with  the  Lower 
Cambrian  quartzite  of  the  Eureka  district, 
Nevada.  The  quartzite  is  present  over  so 
wide  an  area  in  Utah,  has  so  strong  a  lithologic 
similarity  at  different  localities,  and  every¬ 
where  lies  so  nearly,  though  probably  not 
exactly,  at  the  same  horizon,  that  it  soems 
desirable  for  the  purposes  of  the  present  paper 
to  call  it  by  a  single  name.  The  Tintic 
Mountains,  where  it  is  well  exposed  and  where 
its  relations  to  the  overlying  formations  have 
been  carefully  worked  out,  is  rather  central  for 
tho  State  and  is  well  known  to  those  interested 
in  mining,  and  therefore  readily  comparable 
with  less  well  known  districts.  It  is  therefore 
suggested  that  if  a  single  name  is  desired 
Tintic  quartzite  may  well  be  chosen.  The 
quartzite  is  present  in  the  Tintic  Range;  at 


CHARACTERISTIC  F0SS1I  8  OF  SILT  RUN  AND  DEVONIAN  AGIO. 

Silurian.  1,2.  Pent  innmis  lull*  Wulootl:  3.  4,  5.  MnriiitM  main  (llillimr*);  6.  7,  DnJrooiuif'*  nnvki 
ti,v,  ,  •  9.  10,  SnirilVr  tiiitajtit‘ik*U  Alevk;  II.  favBtiUtttivoMtt  UoldfuM;  12,  Courhidimn 

U"*itum  WbiU»uvtt.  Fi^urm  3  nrid  rcpn*Mnil  youig 


»*|f* 


t»UOFKS3lO>*AL  PAPER  HI  IT. ATE  X 


GEOLOGICAL  SURVEY 


Cl  l  A  R  ACT  EH  1ST  1C  FOSSILS  OF  JURASSIC  ACC. 

I,  Mu»Wloniyn  klnirii  Mori:  3.  lVodomunulin  (Eurolurolitj  curia  (Hull} :  4.  5,  AalarUi  puck>udi  WkiVp;  i  7,  Cryphuca 
cvilofola  v  it.  ni-brav-riwU  Meek  find  Hayden;  B.  *>,  (tarn*  nincileculu  While;  10.  II,  1'ontaCTiims  %lutri  Clark;  12.  13, 
Cnotllani  lut^uri  Meek:  II,  15.  1  Vuromya  aiib  oiuprvftvi  Mtok:  16:  lima  occitjcnlutts  Hull  and  Whilftttd;  17.  Hhyu- 
i’hiiik«  Uu  myriisii  llall  anii  WhiiOrUl;  IB,  Tri#oum  quudr  tngutarU  Hull  anil  Wh»* Grid;  16,  CimuiUMn.-ele*  sty  Kiits  While. 


GEOLOGY. 


79 


Ophir  iu  tho  Oquirrh  Range;  in  the  Mount 
Ncbo  Range;  in  tho  ccntrnl  and  northern 
Wasatch  Range;  probably  in  the  Raft  River 
Range;  in  the  Promontory  Range;  the  Stnns- 
bury  Range;  the  Simpson  Mountains;  the 
southern  part  of  the  Thomas  Range;  the 
House  Range;  the  Deep  Creek  Mountains; 
and  the  Wah  Wnh  Range.. 

It  is  possible  that  the  lower  quartzite  and 
shales  (Tonto  group)  exposed  in  the  Beaver 
Dam  Mountains  and  in  northern  Arizona  are 
to  be  correlated  with  this  quartzite,  though 
the  data  at  present  avadable  do  not  warrant 
such  a  correlation,  for  the  Tonto  group  appears 
to  be  tho  younger.  No  fossils  have  been  found 
in  this  quartzite,  but  at  several  localities  it  is 
overlain,  apparently  conformably,  by  fossilif- 
erous  shale  of  Lower  (?)  and  Middle  Cambrian 
age,  indicating  that  for  the  most  part  it  is 
Lower  (?)  Cambrian,  though  in.  some  localities 
its  upper  part  may  be  Middle  Cambrian. 

OPHIR  FORMATION. 

Overlying  the  early  Cambrian  quartzite  is  a 
series  of  shaly  sediments,  commonly  including 
some  calcareous  beds  and  in  places  some  well- 
defined  strata  of  limestone,  the  whole  overlain 
by  the  more  massive  Cambrian  limestones. 
These  shaly  beds  overlying  the  quartzites1 
are  present  nearly  everywhere.  They  range  in 
thickness  from  not  more  than  100  feet  to 
several  hundred  feet.  They  contain  NIiddle 
Cambrian  fossils  practically  everywhere  and, 
in  the  House  Range,  at  Ophir,  and  in  Big 
Cottonwood  Canyon,  supposed  Lower  Cam¬ 
brian  forms  also.  In  most  of  the  localities 
examined  by  the  writer  where  only  ^Middle 
Cambrian  fossils  have  been  found,  lower  shales 
are  present  that  may  represent  the  Lower 
Cambrian.  In  the  northeastern  part  of  tho 
State,  however,  Middle  Cambrian  shales  appar¬ 
ently  rest  directly  on  the  quartzite,  and  it 
seems  possible  lhat  they  lie  at  a  slightly  higher 
horizon  than  in  the  western  part  of  the  State. 

In  certain  localities  and  ranges,  such  as  the 
Roar  Lake  region  and  the  House  Range,  these 
shales  and  limestones  have  been  divided  into 
several  formations,  which,  however,  can  prob¬ 
ably  not  be  recognized  throughout  the  region. 
The  series  as  a  whole,  however,  is  characteristic, 
easily  recognized,  and  widely  distributed. 

1  Uowoll,  K.  Geology  of  portions  of  Vtah,  Nwvwll,  Arizona,  or;  A 
Now  Mexico:  U.  S.  Qoog.  and  Geol.  Surveys  W,  100th  Mer.  Rcpt.,  vol.  3, 
P.  2U,  1875. 


“Where  it  is  not  divided  the  name  Opliir  forma¬ 
tion  is  adopted  for  it,  as  it  is  well  exposed  in 
the  Ophir  district,  where  it  contains  large 
deposits  of  ore.  The  name  Alta  shnle  has  been 
proposed  by  F.  F.  Ilintze  for  this  series  in  the 
Cottonwood  region,  but  as  that  name  had  pre¬ 
viously  been  adopted  for  another  formation  it 
is  not  available,  though  otherwise  appropriate 
and  desirable. 

The  Opliir  formation  is  represented  in  practi¬ 
cally  all  the  ranges  in  which  the  early  Cambrian 
quartzite  occurs. 

LATER  CAMBRIAN  ROCKS. 

The  Cambrian  sediments  lying  above  the 
shaly  series  in  the  different  ranges  are  some¬ 
what  varied  in  character,  and  sufficient  data 
are  not  available  for  their  definite  correlation. 
Prevailingly  they  are  limestones  and  dolomites. 
The  sections  (Pis.  V,  YD  show  marked  varia¬ 
tions  in  the  thickness  of  the  Cambrian  rooks 
above  the  Ophir  formation.  How  far  tho  dif¬ 
ferences  in  thickness  are  due  to  erosion,  which 
is  known  to  have  taken  place  before  tho  Mis- 
sissippian  period,  and  how  far  to  noudepositiou 
can  not  now  be  positively  stated. 

Readers  who  are  interested  in  geologic 
conditions  in  tho  Cordilleran  region  during 
Cambrian  time,  so  far  as  they  have  been  ascer¬ 
tained,  are  referred  to  Walcott’s  paper  on  the 
subject.’ 

ORDOVICIAN  AND  SILURIAN  SYSTEMS. 

The  Ordovician  and  Silurian  deposits  are 
grouped  together  (see  PI.  IV,  in  pocket)  because 
in  many  of  the  ranges  sufficient  detailed  work 
hns  not  been  done  to  determine  the  boundary 
between  the  two.  In  many  places,  too,  the 
boundaries  between  the  Cambrian  and  Ordo¬ 
vician  and  between  the  Silurian  and  Devonian 
have  been  only  approximately  determined. 

In  western  Utah  the  Ordovician  and  Silurian 
rocks  are  widely  distributed  andseeni  to  bo  pres¬ 
ent  in  most  places  where  the  systems  abovound 
below  are  exposed .  They  have  been  recognized 
in  the  San  Francisco,  House,  Deep  Creek,  Fish 
Springs,  Tintie,  Lake  Side,  Silver  Islet,  north¬ 
ern  Wasatch,  and  Bear  River  ranges,  and  are 
probably  present  in  the  Promontory  Range. 
In  eastern  Utah,  however,  where  erosion  has 
exposed  the  pre-Paleozoic  rocks,  and  in  the 

*  Walcott,  C.  D.,  Tb®  Cambrian  and  its  problems  In  th®  Conlil.^ran 
region:  Problems  of  American  geology,  Vulo  Uni  verity  Press,  Win 
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extreme  southwestern  part  of  the  State,  they 
have  not  been  recognized,  though  more  detailed 
work  may  reveal  them  in  the  Beaver  Dam 
Mountains.  They  are  absent  from  the  Cotton¬ 
wood  district,  where  they  wore  removed  by 
pro-Mississippian  erosion.  (See  Pis.  V,  VI.) 

Tho  Ordovician  and  Silurian  sediments  are  in 
large  part  calcareous  and  dolomitic,  tho  dolo¬ 
mitic  deposits  being  especially  important. 
They  include,  however,  an  important  quartzite 
member  in  both  the  northern  and  the  south¬ 
western  parts  of  the  State,  though  this  appears 
to  be  lucking  in  tho  Tintic  Range. 

In  northern  Utah  the  Ordovician  and 
Silurian  beds  reach  a  thickness  of  3,000  feet 
according  to  Richardson;  and  in  southwestern 
Utah  they  probably  attain  as  great  or  greater 
thickness.  In  both  sections  of  tho  State 
tho  lower  beds  are  limestone  und  dolomites 
overlain  by  quartzite,  which  in  turn  is  overlain 
by  more  limestone  and  dolomites.  Certain 
fossil  forms  that  are  characteristic  of  the 
Ordovician  and  Silurian  and  by  which  they 
may  be  identified  aro  shown  in  Plates  VIII 
and  IX. 

DEVONIAN'  SYSTEM. 

Devonian  sediments  have  been  recognized 
in  northern  Utah,  in  the  Wasatch  and  Bear 
River  ranges,  in  the  Bear  Lake  legion,  in  the 
central  Wasatch  Range,  in  the  Tin  tie.  Range, 
and  in  the  Star  Range  in  Beaver  County, 
and  they  are  probably  present  in  other  ranges 
in  western  Utah.  (Seo  PI.  IV,  in  pocket.) 

Tho  Devonian  sediments  are  prevailingly 
calcareous  and  dolomitic,  the  doloinitic  deposits 
predominating.  (See  Pis.  V,  VI.)  In  the 
Bear  Luke  region  Richardson  has  described 
1,100  feet  of  prevailingly  dolomitic  Middle 
to  Upper  Devonian.  In  the  northern  Wasatch 
E.  M.  Kindle  found  2,250  feet  of  Devonian 
and  in  the  central  Wasatch  F.  F.  Ilintze  found 
Devonian  fossils  in  rocks  overlying  Cambrian. 
In  tho  lintic  Range  the  Devonian  is  uncon- 
forniably  overlain  by  the  Carboniferous  rocks, 
and  only  a  few  hundred  feet  of  it  has  been 
preserved.  Iu  the  Star  Range  the  known 
Devonian  consists  of  about  50  feet  of  fossilif- 
crous  calcareous  shale  conformably  overlyum 
massive  limestone  and  dolomito  un.l  underly¬ 
ing  similar  rooks  in  which  no  fossils  have  been 
tound.  As  the  fossil iferous  beds  are  Upper 
Devoman,  it  is  highly  probable  that  some  of 


the  underlying  beds  and  possible  that  some  of 
the  overlying  are  Dovoniun.  (For  fossil  forms 
characteristic  of  the  Devonian,  see  PI.  IX.) 

CA H BOX! FEROt'8  SYSTEM. 

Sediments  of  Carboniferous  age  are  the 
most  widely  distributed  and  are  probably  rho 
most  extensive  and  the  most  important  eco¬ 
nomically  of  nay  within  the  State.  (See  PI 

rv.) 

In  western  Utah  Carboniferous  rocks  are 
present  in  all  the  ranges  where  erosion  hus  not 
removed  them  together  with  all  later  rocks. 
In  eastern  Utah  Carboniferous  rocks  are  exposed 
in  nil  localities  where  erosion  has  cut  through 
the  later  formations  except  in  some  small  areas 
near  tlio  L  tnh-Colorndo  boundary  south  of  the 
Denver  &  Rio  Grande  Railroad  ,  where  the  Meso¬ 
zoic  rocks  rest  directly  on  the  pre-Cambrian. 

Carboniferous  sediments  were  deposited  over 
neurly  all  und  probably  all  of  the  State, 
and  their  present  absence  from  certain  areas 
is  duo  to  erosion.  Over  much  of  eastern  Utah 
they  aro  buried  beneath  many  hundreds  of 
feet  of  later  sedimentary  nnd  volcanic  rocks, 
but  thero  is  little  doubt  of  their  presence 
beneath  these  rocks. 

The  thickness  of  tho  Carboniferous  deposits 
differs  at  different  localities.  (Sec  Pis.  V, 
VI.)  Iu  the  Star  Range  in  Beaver  County 
about  3,000  feet  of  Carboniferous  sediments 
are  present  nnd  in  tho  extreme  southern  port 
of  the  State  and  adjacent  parts  of  Arizona 
similar  thicknesses  occur.  In  the  extreme 
northern  part  of  the  Stato  Richardson  found 
about,  the  same  thickness.  In  tho  Uinta 
Rnngc.  Powell  end  Weeks  each  found  a  some- 
whutgreator  thickness.  In  the  central  Wasatch 
Range  the  thickness  of  the  Carboniferous  scries 
probably  attains  4,000  feet.  In  tho  Tintic 
mining  district  only  the  lower  Carboniferous 
or  MLssissippinn,  amounting  to  about  2,000 
feet,  is  present.  In  tho  northern  part  of  the 
Tiutie  Range,  however,  tho  system  attains 
a  great  though  unmeasured  thickness.  Its 
greatest  thickness  Ls  attained  in  the  Oqulrrh 
Range,  where  it  appears  to  be  several  times 
as  great  as  in  any  other  locality  in  the  State. 
The  whole  range  has  never  been  studied  in 
detail,  ami  it  is  possible  that,  future  work  may 
show  considerable  duplication  by  faults,  though 
there  can  bo  little  doubt  that  tho  Carboniferous 
is  unusually  thick  and  that  the  Devonian, 
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Silurian,  and  Ordovician,  if  present  at  all, 
are  very  thin.  In  eastern  and  southeastern 
Utah  the  formations  underlying  the  Carbonif¬ 
erous  have  not  been  exposed  except  along  the 
Utah-C'olonulo  boundary  south  of  the  Denver 
&  Rio  Grande  "Railroad,  where  the  Mesozoic 
sediments  rest  upon  the  pre-Cambrian.  It 
seems  probable  that  the  Carboniferous  thins 
in  this  part  of  the  State,  though  no  definite 
data  arc  available. 

The  lower  Carboniferous  (Mississippinn)  sedi¬ 
ments  in  all  parts  of  the  State  arc  prevailingly 
limestones.  The  later  Carboniferous  rocks  con¬ 
tain  much  sandstone  and  quartzite  and  are 
prevailingly  sandy  in  many  localities,  as  in  the 
Wasatch  and  Oquirrh  ranges,  where  the  Weber 
quurtzitc  (Pennsylvanian)  is  strongly  devel¬ 
oped,  and  farther  south  nnd  cast,  where  the 
Pennsylvanian  rocks  form  an  important  part 
of  tho  Carboniferous.  One  persistent  horizon 
approximately  at.  the  transition  from  lower  to 
upper  Mississippian  is  characterized  by  two 
or  three  beds  of  eonrso-grnined  bluish-gray 
limestone  that  carry  important  ores  in  districts 
south  of  tho  Cottonwoods  in  the  Wasatch  and 
Oquirrh  ranges.  In  southeastern  Utah  the 
Carboniferous  sediments  nre  not  very  deeply 
oxposed,  but  so  far  ns  known  they  contain 
much  sandy  material.  Phosphate  beds  occur 
persistently  in  the  Park  City  formation,  which 
is  of  Pennsylvanian  and  Permian  age. 

Fossil  forms  characteristic  of  the  Carbonifer¬ 
ous  nre  shown  on  Plates  LII  to  LY1  (pp.  G50- 
655). 

TKIASSIC  SYSTEM. 

Rocks  regarded  as  Triassic  (see  PI.  ISO  are 
confined  to  tho  eastern,  central,  and  southern 
parts  of  tho  Stnto.  The  only  typical  basin 
ranges  in  which  Triassic  rocks  have  boon  recog¬ 
nized  are  the  Mineral  and  Star  ranges  in  Beaver 
County.  Triassic  rocks  are  doubtless  present 
in  all  parts  of  eastern  Utah  where  erosion  has 
not  cut  tho  surface  to  lower  formatious,  though 
over  n  largo  part  of  the  area  they  are  buried 
beneath  later  formations.  Along  tho  southern 
border  of  the  State  and  in  northern  Arizona  the 
removal  of  later  rocks  has  exposed  largo  aroas 
of  Triassic.  In  southeastern  Utah  the  Colo¬ 
rado  River  has  everywhere  cut  down  to  and  in 
places  through  the  Triassic.  (See  Pis.  V,  VI.) 

Several  of  tho  “uplifts”  in  southeastern 
Ctah  havo  so  elovated  the  Triassic  rocks  that 
tho  erosion  surfaco  has  reached  and  in  places 


passed  below  them.  In  the  Circlo  ClifTs  (Burr 
I'lats)  and  Miners  Mountain  (Rabbit  Valley) 
domes  along  tho  Water  Pocket  flexure,  in  tho 
broad  anticline  west  of  tho  Comb  Wash  flexure, 
in  the  San  Rafael  Swell,  around  the  Uinta  anti¬ 
cline,  and  along  tho  Wasatch  Range  the  Triassic 
is  exposed. 

Triassic  rocks  appear  to  have  their  greatest 
development  in  the  western  part  of  the  exposed 
areas.  In  the  Ran  Francisco  Range  5,000  feet 
is  exposed.  At  Lo  Verkin  Canyon,  according 
to  Huntington  and  Goldthwaiie,  3,SOO  feet  is 
present,  lu  the  Ilcniy  Mountains  region, 
according  to  Gilbert,  a  thickness  of  1,230  feet 
is  present.  In  the  San  Rafael  region  probably 
not  more  than  1,500  feet  occurs.  In  tho  eastern 
L  inta  region  Powell  ascribes  a  thickness  of 
1 , GOO  feet  to  hods  that  nre  probably  Triassic. 
In  tho  Wasatch  Range  Boutwoll  finds  a  thick¬ 
ness  of  3,500  feet. 

Tho  rocks  of  the  southeastern  part  of  tho 
State  supposedly  Triassic,  aro  readily  separated 
into  two  divisions,  the  lower  division  being 
designated  "Sliinarump  group”  by  Powell, 
Dutton,  and  others,  and  the  upper  division 
called  Vermilion  Cliff  sandstono  by  the  early 
workers  i  n  the  region. 

The  lower  division  consists  mainly  of  red 
and  chocolate-colored  shales  and  shaly  sand¬ 
stone,  beds  of  gypsum,  and  near  tho  base  some 
limestone.  Within  it  is  the  Shinarump  con¬ 
glomerate,  u  stratum  of  conglomerate  and 
sandstone  that  is  present  over  large  areas  nnd 
that  reaches  a  maximum  thickness  of  perhaps 
200  feet.  It  is  particularly  conspicuous  as  a 
bench  and  cliff  forming  rock.  Lenticular  beds 
of  fine  conglomerate  and  sandstone  are  present 
at  different  horizons  in  the  upper  part  of  tho 
shales,  and  at  any  given  locality  it  is  sometimes 
difficult  or  impossible  to  tell  whether  one  or 
any  of  them  is  the  true  Shinarump  conglomer¬ 
ate.  The  sandstone  members  are  commonly 
light  gray  and  distinctly  lighter  colored  than 
the  shales.  They  arc  of  particular  interest 
economically,  for  it  is  in  thorn  that  the  silver, 
copper,  nnd  uranium  deposits  in  tho  Triassic 
beds  are  found. 

In  many  places  the  sandstone  layers  contain 
rather  abundant  plant  remains,  which  rango  in 
character  from  reeds  to  large  trees,  and  some 
of  which  have  boon  almost  entirely  silicified. 
At  other  places  carbonized  material  is  rather 
plentiful.  In  the  Circle  Cliffs  (Burr  Flats) 
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region  many  stumps  in  which  carbonization 
is  very  pronounced  and  silicifit  ation  relatively 
slight  were  observed  in  a  red  shale  underlying 
a  lens  of  sandstone  in  which  almost  wholly 
silicified  tree  trunks  are  numerous  and  within 
restricted  areas  are  abundant.  Similar  though 
perhaps  leas  pronounced  differences  in  the 
alteration  of  fossil  plants  were  noted  farther 
north  along  tho  Water  Pocket  fold  southward 
from  Fruitu. 

As  already  noted,  tho  early  workers  in  the 
region  regarded  this  lower  division  us  a  single 
group — the  “Shinarump.”  Later  C.  D.  TV  aleolt 
found  “Permo-Carboniferous”  fossils  in  the 
limestone  near  the  base  of  this  group.  He 
also  recognized  an  unconformity  at  the  busc 
of  the  Shinarump  conglomerate  which  he 
interpreted  as  marking  tho  boundary  between 
tho  Triassic  and  older  formations.  Since 
Ihon  the  Shinarump  conglomerate  has  gener¬ 
ally  been  regarded  ns  the  basal  division  of  the 
Triassic,  and  tho  portion  below  has  been 
classed  us  “Permo-Carboniferous.”'  In  recent 
years,  however,  extended  paleontologie  study 
of  tho  supposed  “Permo-Carboniferous”  rocks 
of  northern  Utah  and  adjacent  regions  bus 
led  to  tho  conclusion  that  they  are  of  Lower 
Triassic  age.  Similar  rocks  in  southern  and 
southeastern  Utah  are  essentially  the  same 
paleontologically  and  are  also  now  assigned  to 
the  Triassic.  (For  fossil  forms  characteristic 
of  the  Lowor  Triassic,  see  PI.  LVII,  p.  65G.) 

The  upper  formation  of  the  Triassic,  as 
determined  by  Dutton  for  the  Plateau  region, 
is  tho  Vermilion  Cliff  sandstone.  Dutton  says:8 

The  contact  with  the  shales  below  is  usually  conform- 
ablo,  but  in  tho  vicinity  of  the  Ilurricane  fault,  where  the 
whole  Triaaaic  •eriea  i*  displayed,  tho  junction  ia  often 
uneonformahle.  Tho  separation,  however,  of  the  Trias 
into  an  upper  and  lower  aeries,  so  tar  aa  southern  Utah  is 
(  unearned,  ia  based  upon  lithological  grounds  chiefly.  It 
ia  also  a  matter  of  peat  convenience  to  effect  this  separa¬ 
tion,  since  «u  h  division  ha*  its  own  tajxjgraphy,  and  their 
distributions  differ  notably.  There  is,  also,  a  decided 
contrast  in  their  respective  aspects,  and  the  geologist  who 
studies  them  in  the  field  is  constantly  reminded  of  the 
distinctions.  The  Upper  Trias  consists  of  many  beds  oi 
sandstone  with  shaly  partings.  Usually  tho  component 
members  do  not  attain  peat  thickness,  but  a  few  of  them 
occasionally  have  a  thickness  exceeding  200  feet.  Very 

i  Cross,  Whllnuo.  Tho  TriiMlc  portion  ot  tho  Shinommp  group  o( 
Foocii:  J«ir.  fi*<ii<*7,  voi.  is,  rr*.  w-izs,  m.  Gregory,  u.  k.,  tiv 
wljMUmp  cai‘E'on'crat‘‘  Jour- Se*-.  uii  wr.,  voi.  u,,  pp.  tet-as, 

'  rtuttoo.c.  K.,  Geology  ot  the’  High  Platam*  of  Utah,  p.  lis.  IT,  8. 
(•cog.  and  Geol.  Sunvy-  Ttochy  Mlo.  Region,  ism. 


manv  of  theta  are  cross-bedded  in  a  beautiful  manner, 
and  although  this  feature  is  net  so  strongly  marked  as  in 
the  Jurxssic  sandstone,  it  is  almost  always  conapif  ioua 
enough  to  attract  attention.  Tho  whole  formation  is 
brilliantly  colored.  41  *  *  The  predominant  red, 
approximating  to  vermilion,  induced  Prof.  Powell  to  give 
the  local  name  of  Vermilion  Cliffs  to  their  grandest  and 
most  typical  exposure. 

Farther  oast  the  distinguishing  character¬ 
istics  of  the  Vermilion  Cliff  and  the  overlying 
White  Cliff  sandstone,  become  less  conspicuous. 
Dutton3  says: 

»  •  »  It  has  been  a  long-standing  and  difficult 
question  whether  tho  Jurassic  sandstone  is  not,  after  *11, 
a  mere  upward  continuation  of  the  Vermilion  Cliff  beneath. 
Mneh  color  was  given  to  this  supposition  by  tho  fact  that 
no  unconformity  between  them  has  been  detected  in 
this  vicinity  and  still  more  by  tho  fact  that  as  wo  travel 
eastward  end  southeastward  from  the  High  Plateaus  the 
distinction  between  them  gradually  fades  and  tho  two 
seem  to  merge  into  one.  Neilherof  them  havovielded  #uy 
determinable  fossils.  Nevertheless,  1  aiu  convinced 
that  the  probable  plane  between  the  Jura  end  the  Trios 
lies  between  these  two  sandstones.  *  *  * 

Gilbert  *  describes  the  Vermilion  Cliff  and 
tho  “Gray  Cliff”  (White  Cliff)  sandstones  in 
tho  vicinity  of  the  Henry  Mountains  as  follows: 

The  Gray  Cliff  and  Vermilion  Cliff  candstonra  are  often 
difficult  to  distinguish,  but  tho  latter  ia  usually  the  firmeri 
standing  in  bold  relief  in  the  topography,  with  level  top, 
and  at  its  edge  a  precipitous  face.  The  former  ia  apt  to 
weather  into  a  wilderness  of  domelike  pinnacles,  so 
steep  sided  that  they  can  not  often  bo  scaled  by  the 
experienced  mountaineer,  and  separated  by  narrow  delta 
which  are  equally  impassable. 

The  colors  of  the  two  sandstones  are  not  invariable.  The 
lower,  which  although  not  reddened  throughout  its  maw 
is  usually  stained  upon  its  surface  with  a  uniform  deep 
color,  appears  in  Mount  Ellsworth  and  at  other  point* 
of  elevation  with  as  pale  a  tint  as  that  of  the  Gray 
Cliff.  The  latter  sandstone,  on  tho  other  hand,  where  it 
lies  low,  is  often  as  deep  in  color  as  the  Vermilion,  *  *  * 
The  bleaching  of  the  redder  sandstone  in  Mount  Ells¬ 
worth  ia  probably  a  result  of  metamorphism;  the  redder.! tig 
of  tho  gray  sandstone  may  depend  on  the  hydration  of  the 
iron  whirh  it  contains. 

This  similarity  of  the  two  great  sandstone 
formations  toward  the  onst  has  sometimes 
caused  them  to  be  classed  as  a  single  formation. 
Wherever  the  writer  has  observed  them  in 
eastern  Utah,  however,  he  found  them  to  bo 
separated  hy  a  weaker  shaly  member  about 
100  feet  in  thickness  that  usually  shows  in  the 
topography.  Tho  Vermilion  Cliff  sandstone 

*  Idem,  p. !  10. 

1  fliHayrl,  C.  K.,  (ieology  of  the  Henry  Mount  uns,  p.  7,  V,  Goofr 
und  Cool.  Survey  Rocky  Mtn-  Rcpou,  1*77. 
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is  distinctly  the  more  highly  colored,  though 
locally  the  difference  may  not  be  marked. 

Powell  1  describes  the  Vermilion  Cliff  and 
White  Cliff  sandstone  in  the  Uinta  region  ns 
follows : 

In  this  region  the  Vermilion  Cliff  and  White  Cliff 
groups  are  massive  sandstouca  and  hence  stand  in  mono- 
clinal  ridges.  Sometimes  the  base  of  the  White  Cliff 
group  is  a  series  of  softer  beds,  and  two  ridges  are  formed. 
Elsewhere  (he  White  Cliff  group  rises  high  over  the  Ver¬ 
milion  Cliff  beds  in  a  wall  which  faces  the  axis  of  the 
Uinta  upheaval  on  cither  side.  Throughout  this  entire 
region  the  White  Cliff  sandstone  is  lighter  colored  than  the 
Vermilion  Cliff  group  and  everywhere  exhibits  that 
oblique  structure  known  as  false  bedding. 

The  age  of  the  Vermilion  Cliff  sandstone 
bus  not  been  determined  by  paleontologic 
evidence,  and  whether  it  is  really  Triussic  or 
Jurassic  is  open  to  question.  Dutton  has, 
however,  classed  it  with  the  Triassic  and  it 
may  well  be  left  there,  till  it  is  definitely  shown 
to  belong  elsewhere. 

JURASSIC  SYSTEM. 

The  distribution  of  the  Jurassic  rocks  is 
much  the  same  as  that  of  the  Triassic.  They 
are  probably  everywhere  present  in  eastern 
Utah  unless  removed  by  erosion.  They  are 
most  extensively  exposed  in  southeastern  Utah, 
whero  they  outcrop  over  much  of  the  sur¬ 
face  south  of  latitudo  40°  30'  and  east  of 
longitude  1110  30'.  A  broad  belt  extends 
through  the  southern  part  of  the  State  to  the 
Nevada  line,  and  another  encircles  the  Uinta 
uplift  and  borders  the  Plateau  Province  on  the 
west.  (See  PI.  IV.) 

The  Jurassic,  liko  the  Triassic  of  eastern 
Utah,  can  readily  be  separated  into  two  main 
divisions,  called  by  Powell  the  White  Cliff  group 
and  the  Flaming  Gorge  group.  (See  Pis.  V, 
VI,  in  pocket.) 

The  White  Cliff  consists  almost  entirely  of  a 
gray  cross-bedded  sandstone  of  remarkable 
similarity  over  a  wide  area.  Dutton3  describes 
this  formation  for  the  area  of  the  High  Plateau 
as  follows: 

The  lithological  characters  of  the  Jurassic  white  semd- 
stoae  reader  it  a  very  conspicuous  formation.  Through  a 
thickness  of  more  than  1,000  feet,  sometimes  of  nearly 

Powell,  J.  ty\,  Report  un  tlifl  geology  of  the  eastern  portion  of  the 
Ginta  Mountains,  p.  IG1,  V.  8.  fieol.  un«l  Geog.  Survey  Terr.;  2ddiv. 
IS7G. 

1  button,  C.  K,,  import  on  tbo  geology  ol  tljc  High  I’liiU'.-ni'i  of  V  tah, 
P,  1S2,  p.  s.  Gccg,  od'1  t » col .  Survey  Rocky  Mtn.  Rcpion,  1SS0. 


2,000  feet,  it  is  one  solid  stratum,  without  a  single  hetero¬ 
geneous  layer  or  slialy  parting.  *  *  *  The  color  of 
the  rock  is  almost  always  gray,  verging  toward  white. 
Occasionally  it  is  a  very  palo  cream  color,  and  again  pale 
red.  Tho  red  becomes  more  common  os  we  recede  from 
the  old  shore  line  towards  tho  cast.  But  of  all  the  features 
of  this  rock  tho  most  striking  is  the  cross-bedding.  It  is 
hard  to  find  a  single  rock  face  which  is  not  lined  off  with 
rich  tracer)'  produced  by  the  action  of  weathering  upon 
tho  cross-lamination.  *  *  *  The  Jurassic  sandstone 
was  duposi led  over  an  area  which  cm  not  fall  much  short 
of  35,000  square  miles,  and  the  average  thickness  ex¬ 
ceeds  1,000  feet. 

The  formation  thins  from  west  to  east.  Dut¬ 
ton  assigns  it  a  thickness  of  1,400  feet  in  tho 
Kaiiab  section,  Gilbert  500  feet  in  the  Henry 
Mountains  region,  find  Lupton  800  feet  in  tho 
Sun  Rafael  Swell  region.  Further  east,  near 
the  La  Sul  Mountains,  Cross-1  assigns  n,  thick¬ 
ness  of  550  feet  to  tho  La  Plata,  which  he  cor¬ 
relates  with  the  White  Cliff,  and  which  in  west¬ 
ern  Colorado  is  reduced  to  100  feet.  In  tho 
Uinta  region  Powell  gives  a  thickness  of  1 ,025 
feet  for  tho  Whito  Cliff. 

Tho  origin  of  the  White  Cliff  sandstone  and 
similar  formations  has  been  much  discussed 
and  is  still  not  generally  agreed  upon,  though 
the  evidenco  presented  in  recent  years  favors 
a  continental  origin  in  which  wind  was  on 
important  factor.* 

The  age  of  the  White  Cliff  sundstono  has 
not  been  definitely  determined  from  paleonto¬ 
logic  evidence.  The  formation  is  overlain, 
apparently  conformably,  by  marine  Jurassic 
and  has  been  generally  considered  to  be 
Jurassic.  Fossiliferous  Jurassic,  limestones  lie 
a  short  distance  above  it  over  large  areas  of 
Utah  os  fur  east  as  Colorado  River,  beyond 
which  they  have  not  been  reported.  (For 
fossil  forms  characteristic  of  the  Jurassic  see 
PL  X,  p.  79.) 

The  upper  formation  of  the  Jurassic,  named 
Flaming  Gorge  by  Powell,  is  much  more  varied 
in  character.  Though  sections  made  at  many 
widely  separated  localities  exhibit  a  general 
similarity,  great  differences  of  detnil  are  shown 
by  sections  that  are  very  close  together.  Dut¬ 
ton  suvs : s 

That  constancy  of  lithological  character  which  is  so  con¬ 
spicuous  in  older  Mcsoaoic  members  does  not  prevail  in 

■Jour.  Geology,  vol.  15,  pp.  6+4-M5, 1007, 

i  Gr^ry,  II.  K.(  Geology  of  tho  Navajo  Indian  rewrvalion:  U.  S. 
Ccoi.  Survey  Prof.  Paper  03,  p.  59, 1017. 

|  '*  Dutton,  C,  E.,  op.  clt.,  pp.  1S3-1&4, 


84 


ORE  DEPOSITS  OF  FT  A II. 


this  one,  for  it  is  highly  variable  not  only  in  the  mass,  out 
also  in  the  constitution  of  the  bed”.  In  some  exposures  it 
is  more  than  a  thousand  foot  thick;  in  others,  it  is  Ipki  than 
200.  Where  its  volume  in  greatest  it  is  more  arenaceous, 
and  where  the  volume  is  1 1  the  hods  are  shaly,  marly, 
and  calcareous.  Usually  several  seams  of  limertcae  occur, 
and  in  thou  the  fossils  are  found,  often  abundantly.  One 
notable  feature  is  the  small  amount,  of  cement  in  the  arena¬ 
ceous  layers,  which  are  therefore  very  poorly  consoli¬ 
dated,  and  the  rock  weathers  and  waati  s  away  with  ex¬ 
treme  facility.  Gypsum  and  selenite  occur  abundantly 
in  these  beds,  and  especially  nolire&ble  is  the  latter  min¬ 
eral,  which  is  seen  *j  arkling  and  glittering  in  the  sunlight 
in  the  had  lands  to  which  the  decay  of  the  strata,  gives  rise. 


In  the  Green  River  field  Lupton  1  separates 
tho  formation,  which  he  calls  the  McElmo, 
correlating  it  with  the  McElmo  of  Colorado, 
into  three  members — the  lower  “red  sand¬ 
stone,  ”  thin  bedded  above,  massive  below, 
thickness  about  700  feet;  the  middle  Salt 
Wash  saudstono  member  (a  “gray  conglom¬ 
eratic  sandstone  which  outcrops  iu  cliffs/'  and  is 
in  places  “lenticulur,  soft,  and  friable”),  thick¬ 
ness  150  to  175  feet;  and  tho  tipper  member 
(a  “gray  conglomerate,  variegated  sandy  shale, 
and  clay,  and  a  few  feet  of  limestone  about  175 
feot  from  the  top”),  thickness  325  to  350  feet. 

The  Salt  Wash  sandstone  member  in  places 
consists  of  shale,  sandstone,  and  conglomeratic 
sandstone,  the  sandstone  usually  showing  pro¬ 
nounced  cross-bedding.  In  other  places,  ns 
south  of  the  Henry  Mountains  aud  in  the  vicin¬ 
ity  of  Bluff,  beds  that  appear  to  represent  the 
Salt  Wash  sandstorm  consist  of  massivo  sand¬ 
stone,  of  rather  uniform  texturo  nnd  strongly 
cross-bedded,  that  locally  so  closely  resembles 
the  White  Cliff  sandstone,  that  it  is  difficult  or 
impossible  to  recognize  it  except  by  its  strati¬ 
graphic  position.  The  positions  of  the  beds 
correlated  with  the  Salt  Wush  member  also 
show  notable  differences  at  different  localities. 
South  und  oust  of  tho  La  Sid  Mountains  what 
is  regarded  as  tho  Salt  Wash  sandstone  is 
scarcely  more  than  200  feet  above  the  White 
Cliff  sandstono,  and  in  the  vicinity  of  Bluff 
what  seems  to  represent  the  Salt  Wash  is 
separated  from  the  Wliite  Cliff  by  only  about 
100  feet  of  rod  slioly  and  sandy  beds, 

Tho  age  of  tho  Flaming  Gorgo  formation  is 
somewhat  uncertain.  Tiro  base  is  unques¬ 
tionably  marine  Jurassic,  but  tho  assignment 
of  the  lugher  portions  of  the  formation,  which 
were  apparently  accumulated  under  subaerial 


1  Laptcn  C.  T„  Oil  anil  K«s  mar  Orwn  River,  Utah:  U  s  C« 
Sunny  Bull.  Ml,  p,  121,  im. 


and  possibly  in  part  lacustrine  conditions,  is 
in  doubt,  some  writers  regarding  them  as 
Jurassic  and  others  as  Cretaceous."  On  tho 
geologic  map  (PI.  IV,  in  pocket),  the  entire 
formation  is  represented  as  Jurassic. 

COIUU’.I.ATIOX  OF  JURASSIC  AMD  TRIASSIC 
FORMATIONS. 

The  correlation  of  the  Jurassic  and  Triassic 
rooks  of  Utah  with  those  of  Colorado  is  as  yot 
somewhatuucerlain.  (See  Pis.  V, VI,  in  pocket.) 

Cross  s  considers  tho  La  Plata  sandstone  of 
Colorado  us  equivalent  to  tho  White  Cliff 
sandstone  of  Utah  and  tho  McElmo  as  the 
equivalent  of  tho  Flaming  Gorge. 

In  following  the  formations  from  tlic  Green 
River  region  to  the  Water  Pockets  flexure  and 
Henry  Mountains  and  thence  southeastward  to 
Bluff  (seo  PI.  VI),  tho  writer  reached  the  con¬ 
clusion  that  the  rocks  at  Bluff  that  Woodruff  ‘ 
designated  upper  La  Plata  are  the  equivalent 
of  the  Salt  Wash  member  of  the  McElmo  of 
the  Green  River  region,  and  that  the  rocks 
that  Woodruff  classed  as  lower  La  Plata  in¬ 
clude  the  White  Cliff  and  Vermilion  Cliff  for¬ 
mations  of  the  sections  farther  west.  This, 
however,  does  not  seem  to  agree  with  Cross’s 
determination  of  the  upper  La  Plata  south  of 
the  La  Sal  Mountains.  Assuming  tho  correct¬ 
ness  of  Cross's  determination  of  the  upper  La 
Plata  in  tho  La  Sid  region,  there  seems  little 
doubt  that  tho  La  Plata  occupies  the  strati¬ 
graphic  position  of  tho  White  Cliff  of  Dutton, 
while  tho  Flaming  Gorge  is  the  equivalent  of  the 
McElmo. 

CRETACEOUS  STSTEM. 

Rocks  of  Cretaceous  age,  like  those  of  the 
earlier  Mesozoic  formations,  arc  largely  con¬ 
fined  to  eastern  Utah  and  extend  into  the 
i  western  part  of  the  State  near  the  southern 
border  only.  Like  the  earlier  Mesozoic  forma¬ 
tions  they  were  doubtless  deposited  over  all 
of  eastern  Utah  but  have  been  removed  from 
large  areas  by  erosion  and  in  other  large  areas 
buried  beneath  later  formations.  (See  PI.  IV.) 

In  the  northern  part  of  the  State  the  Cre¬ 
taceous  is  exposed  around  the  Uinta  Moun- 

!  Thoso  Interrxtc'l  In  a  ALkumIoh  of  this  subject  oro  referred  to  Ocol. 
Soc.  Amrrlca  Bull.,  rot.  SI,  pp.  29>-MS,  1015. 

*  Cr«M,  Whitman,  Jour.  Ccolosy,  vol,  15,  pp.SH-ArS,  1W7. 

‘  WoodruiT,  R.  G.,  Cooloiry  of  tho  San  Jin  n  oil  fluid,  Utah;  U.S.  GcoU 
Burvoy  Bull.  471,  p.  80, 1012, 
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t  ft  ins,  its  largest  outcrop  being  oust  of  Vernal. 
It  is  also  exposed  in  a  number  of  places  along 
(.he  western  front  of  the.  Plateau  province  from 
the  Wasatch  Range  southward  by  the  partial 
removal  of  the  Tertiary  rocks.  A  broad  belt  of 
Cretaceous  extends  from  the  Colorado  boundary 
westward,  south  of  the  Book  Cliffs  and  in 
general  parallel  to  the  Denver  &  Rio  Grande 
Railroad,  to  the  vicinity  of  the  San  Rafael 
Swell,  thence  northwest  around  the  northern 
end  of  the  swell  and  southwest  nearly  to  Fre¬ 
mont  River.  An  nrea  of  Cretaceous  is  exposed 
along  the  western  side  of  the  Henry  Mountains, 
which  extends  northward  nearly  to  the  San 
Rafael  Swell.  A  large  area  of  Cretaceous  is 
exposed  between  Escalante  and  Pnria.  rivers, 
and  from  it  a  belt  extends  westward  ns  far  ns 
Cedar.  A  narrow  belt  is  exposed  around  the 
Pino  Mountains.  lu  the  southeastern  part  of 
the  State,  north  of  San  Juan  River,  a  large 
area  of  Cretaceous  extends  from  the  Abajo 
Mountains  eastward  into  Colorado  and  there  is 
a  small  urea  around  tbe  La  Sal  Mountains. 

The  Cretaceous  sediments  arc  not  known  to 
contain  metalliferous  deposits  of  commercial 
importance,  and  have  been  studied  only  inci¬ 
dentally  by  the  writer.  They  do,  however, 
contuin  important  deposits  of  coal,  which  have 
been  carefully  studied  in  many  tields  and  wliich 
form  the  subject  of  several  detailed  reports. 

The  Cretaceous  sediments  are  prevailingly 
sandstones  and  shales  with  some  limestones, 
and  were  evidently  deposited  in  shallow  water. 
(See  Pis.  V,  VI,  in  pocket.) 

In  the  Book  Cliffs  region,  Richardson 1 
gives  the  general  section  of  the  Cretaceous 
from  the  buse  up  as  follows: 

General  section  of  Cretaceous  rocks  in  Ok  Book  Cliffs  region. 

Dakota  sandstone;  buff  sandstone  in  many  Foot, 

places  conglomeratic .  20-200 

Mancos shale;  fissile  black  to  drab  clay  shales 
and  local  lenses  of  limestone;  thin  beds  of 
buff  sandstone  at  top  mark  transi  tion  to  the 

overlying  formation . , .  3, 000 

Mesaverde  formation;  alternating  buds  of 
buff  Kmdftone  and  drab  shale;  workable 
beds  of  coal  in  lower  part. .  1,  200-2,  200 

Lupton 2  describes  a  section  of  over  5,000 
feet  of  Cretaceous  beds  in  the  viciaitv  of  the 
San  Rafael  Swell,  as  follows: 

1  Hic>,,nlson)  O.  B.,  Rcror.imlsainco  ot  the  Book  CUiTs  ecol  flak!*, 
Crol. Survey  Bull. 371,  pi.  3,  1909. 

Upton,  C,  T.,  Xol*:a  on  tbo  geology  of  the  Son  Rafael  Swell,  Utah: 
anYJUIl’t0°  ?cl- ,ou3'-.  vol.  2,  Xo.  7,  p.  I aS,  1912.  Also,  Geology 

A  1  resources  of  Ca.it.lo  Valiev,  In  Cartsm,  Emery,  and  Sorter  cotin- 
^  Ian;  U.  S,  Cool.  Survey  Biili.  028,  pp.  33-S4,  IMS. 
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Section  of  CnbKenus  ImJs  i,t  I  idnity  if  Sim  Rafail  Swell. 


‘  esavc-rde  formation;  mainly  sandstone,  wdth  in-  Wot. 

ti'tvalalcd  beds  of  shale  and  coat .  1,  ioo 

Mainos  shale: 

.  3,000+ 

Saudstone,  sliale,  and  coal  (Perron  Ktudstono 
member5) .  .300+ 

.  600+ 

Dokota  statist  one .  20-60 


l’°r  the  eastern  I  in  la  Mountains  Powell4 
gives  a  section  of  5,000  to  6,000  feet  of  Creta¬ 
ceous  sediments.  For  the  Henry  Mountains 
region  Gilbert7'  gives  sections  of  about  3,000 
feet  of  sandstone  and  shales  that  ho  correlated 
with  the  Cretaceous  to  the.  north.  For  south¬ 
ern  Utah  Richardson8  describes  3,000  feet  of 
Cretaceous  beds.  The  Cret  nccous  of  the  south¬ 
ern  Rocky  Mountain  region  has  been  discussed 
by  Lee,  to  whoso  paper  thoso  especially  inter¬ 
ested  are  referred.7 

TERTIARY  SYSTEM. 

Rocks  of  Tertiary  ago  aro  exposed  over  large 
areas  in  eastern  and  central  Utah.  (See  PI.  II.) 
The  largest  outcrop  is  in  the  Uinta  Basin  south 
of  the  Uinta  Mountains,  and  other  large  out¬ 
crops  lie  north  of  the  Uinta  and  east  of  the 
Wasatch  Range.  A  broad  belt  of  Tertiary 
sediments  trends  southward  along  the  western 
portion  of  the  Plateau  province,  locally  ex¬ 
tending  into  the  Basin  Range  province,  as  in 
the  Canyon  and  adjacent  ranges,  and  finally 
swinging  westward  toward  the  Nevada  State 
line.  Over  considerable  areas  in  southern 
Utah  the  Tertiary  sediments  are  buried  be¬ 
neath  volcanic  rocks. 

Tho  Tertiary  rocks  contain  few  metalli¬ 
ferous  deposits  and,  like  the  Cretaceous,  have 
only  incidentally  como  undor  the  writer's 
observation.  Their  chief  commercial  impor¬ 
tance  lies  in  their  carbohydrates,  especially 
in  the  productive  gilsonitc  deposits  of  the 
Uinta  Basin  and  tho  potentially  important 
oil  shales. 

The  Tertiary  sediments  of  Utah  were  col¬ 
lected  in  basins  or  in  low  areas  after  tho  uplift 
that  began  at  the  close  of  the  Mesozoic  or  curly 
in  the  Ccnozoic,  (Sec  Pis.  V,  VI,  in  pocket.) 

•  Lupton,  C.  T.,  Oil  and  i;a*  near  Green  River,  C.rruxl  C  ounty,  Vink 
U.  S.  Geol.  Survey  Bull. Ml,  pp.  124, 128,  129, Mil. 

•  Powell.  J.  W.,  Report  on  the  geology  of  tho  eastern  portion  of  tho 
Uinta  Mountains,  p.  49,  U.  8.  Geol.  end  Gcog.  Survey  Terr.,  2d  dlv., 
1S78. 

1  Gllh«rt4G.  K.,  Report  on  the  geology  of  tho  Henry  Mountains,  p.4, 
U.  S.  Gcog.  Surveys  Rooky  ittn.  Region,  1877. 

•  Richarxlsou,  G.  B.,  The  Harmony,  Colot),  ami  K'»nn>i  eon!  holds, 
southern  Utah:  V.  S.  Gool.  Survey  Bull.  HI,  p.  379,  IP* 

i  tea,  W.  T.,  Relation  of  tho  Cretaceous  formations  to  tho  Rocky 
Mountains  In  Colorado  owl  Now  Mexico:  U.S.  Geol.  Survey  Prof.  Paper 
#5,  pp.  27-58, 1915. 
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The  character  of  the  sediments  in  the  Uinta 
Basin  is  given  by  Eldridge  1  us  follows: 

Fonriulioni  of  the  Uinta  Busin. 


Serins. 

Formation 

DftDie. 

Maxi¬ 
mum 
thickness, 
in  feel.** 

Description, 

Uinta. 

300-1,000 

j 

Conglomerate,  sand¬ 
stone,  and  shale, 
tho  first  two  pre¬ 
dominating,  e  a  • 
pedal ly toward  the 
top.  Material  de¬ 
rived  chiefly  from 
Paleozoic  quartz¬ 
ites  of  Uinta 
Range  and  Yampa 
Plateau.  Prevail¬ 
ingly  red  to  pink, 
though  many  of 
the  sandstones  are 
rusty  yellow  to 
brown.  6 

1 

|  Washakie. 

200 

Sandstone  and  shale. 
Difficultly  recog¬ 
nizable.  t 

Eccf*ni*. 

1 

Bridger. 

1 

800-1,000 

Conglomerate,  sand¬ 
stone,  sliale,  and 
some  1  to  2  foot 
layers  of  white 
limestone.  Stmd- 
1  stones  prevail; 
thev  nro  heavy 
bedded ,  somewhat 
ferruginous,  and 
gray  to  rusty  yel¬ 
low  and  chocolate- 
brown.  Conglom¬ 
erate  fine.  For¬ 
mation  said  to  be 
identified  by  ver¬ 
tebrate  remains. 

Green  River. 

2,000 

Calcarecnsshalcsand 
thin  limestones. 
Shales  end  lime¬ 
stones  bituminous, 
locally,  iu  a  degree 
to  he  of  economic 
value.  Prevailing 
color  gray,  weath¬ 
ering  light.  Some 
thin  sandstone 
layers,  becoming 
more  prominent 
toward  top.  Coun¬ 
try  deeply  eroded. 

1 

Wifitrh. 

1 ,000-1  .300 

Conglomerates  and 
sandstones  in 
heavy  beds;  red. 

•  lATRtkullinjiltKl. 

"*  ’hu  ^ «i' 
*  SEP  lV’  nruim  ’‘^rtirg  to  »m„  BC. 

I  '  Qmk>***1  Sun «>■  u..v  iticluiti-  lbc5>, 

•Kl^Id;,.  C.  n..  Tile  iilnlnUo  (flbonlto)  d«,x«l te  of  uuhM 
Ceol.  Sunoj-  Soveuleculh  Auu.  Re;*.,  pi.  |,  p.  iw 


The  general  character  of  the  Tertiary  beds 
in  the  vicinity  of  the  High  Plateau  is  described 
by  Dutton3  as  follows: 

The  Tertiary  system  of  the  Plateau  Country  is  lacustrine 
throughout,  with  the  exception  of  a  few  layers  near  the 
base  of  the  series,  which  have  yielded  estuarine  fossils. 
The  widely  varying  strata  were  accumulated  upon  the 
bottom  of  a  lake  of  vast  dimensions,  and  were  derived 
from  the  waste  of  mainlands  and  mountain  platforms, 
some  of  which  are  still  discernible.  The  region  of  maxi¬ 
mum  deposit  was  in  the  vicinity  of  the  Wumtch  and 
Tintaa,  where  in  the  course  of  Eccene  time  more  than 
8,000  feet  of  beds  were  laid  down.  As  we  proceed  south¬ 
ward,  theso  heavy  deposits  attenuate,  partly  by  a  diminu¬ 
tion  in  the  thic  kness  of  the  individual  members  and  partly 
because  the  period  of  deposition  ceased  earlier  the  farther 
southward  we  go,  until  in  the  southern  part  of  the  province 
only  the  lower  Eocene  is  found,  or,  indeed,  was  ever  de¬ 
posited.  The  High  Plateaus  occupy  the  belt  through 
which  this  diminishing  bulk  and  successive  elimination  of 
upper  members  is  well  seen.  In  the  Wasatch  Plateau,  at 
the  extreme  northern  part  of  the  district,  we  find  the  two 
lower  divisions  of  the  Eocene  present  in  great  volume; 
and  in  the  valley  of  the  Sevier  and  San  Pete  we  find  what 
I  is  undoubtedly  a  still  higher  division.  At  the  southern 
portion  of  the  district  only  the  lower  division  can  he 
clearly  made  out,  though  some  of  the  upper  beds  may 
prove  to  belong  to  a  later  period.  The  present  weight  of 
evidence,  however,  scema  to  mo  to  place  them  in  ono 
division,  the  “Bitter  Creek  ’3  of  Powell. 

In  the  southern  plateaus,  the  Markagunt  and  Paunsa- 
gunt,  we  find  the  following  members  of  the  Bitter  Creek, 
which  are  much  the  mine  in  oil  exposures: 

Southern  Bitter  Creek. 

1.  Upper  white  limestone  and  calcareous  marl  Feet. 


(summit  of  aeries) .  300 

2.  Pink  calcareous  sandstone .  800 

3.  Pink  conglomerate  (base  of  the  series) .  &50 


1,  650 

In  the  northern  part  of  the  district  we  have  a  larger 
development  of  the  Hitter  Creek  series,  and  resting  upon 
it  some  heavy  masses  of  the  Loivor  Green  River  shales, 
and  probably  a  considerable  portion  oi  the  Upper  Green 
River  Group. 

The  Pink  Cliffs,  which  form  such  a  striking  feature  in 
the  scenery  oi  the  southern  terraces,  are  exposures  of  the 
fine-grained  calcareous  sandstone  forming  the  middlo 
member  of  the  Bitter  Creek.  The  same  exjxtsurca  are 
i  exhibited  in  the  southern  and  southwestern  flanks  of  the 
Markagunt  around  the  entire  promontory  oi  the  Paunaa- 
gunt  and  in  the  circuit  of  the  Table  Cliff.  1  n  the  Aquarius 
Plateau  the  Lower  Eocene  is  found,  but  in  smaller  volume 
than  elsewhere,  and  it  is  decidedly  diminished  in  mass 
uIK,n  the  summit  of  Thousand  Lake  Mountain.  But  it 
resumes  its  normal  thickucas  farther  north,  and  then  grows 
more  and  more  massive  throughout  the  extent  of  the 
Wasatch  Plateau. 

•  Dutton,  C.  E.,  Geology  of  the  High  Plat-ms  of  Utah,  pp. 

L  .  «•  Ccog.  and  Geol.  Surrey  Rocky  Mtn.  Region,  1!jS>. 

i  -  o  H-cno  Ritter  Creek  group  Is  do  longer  lu  use.  lu  its  typical  urea 
the  group  Included  all  the  rocks  between  tho  top  of  the  l-civls  shale  and 
tb*  top  of  tfto  Bridgcr  formation. 
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In  I  heir  general  characteristics  three  Tertiary  strata  are 
similar  to  tho  Laramie  beds  upon  which  they  generally 
n.-st,  being  sbaly  and  marly  aud  sometimes  lignitic. 

In  northwestern  Utah  tuffacoous  beds  uvound 
tho  northern  end  of  the-  Pitot  Range  and  in  the 
Grouse  Creek  valley  aro  supposed  to  be  of 
Tertiary  age,  and  more  detailed  study  may 
reveal  other  Tertiary  sediments  in  western 
Utah. 

Those  especially  interested  in  a  discussion 
of  tho  Tertiary  stratigraphy  are  referred  to 
W.  D.  Mathews’s  paper’  on  the  subject. 


quaternary  system. 


The  Quaternary  deposits  of  the  State  may  be 
roughly  separated  into  three  principal  types — 
glacial  deposits,  lake  deposits,  and  valley 
deposits. 

GLACIAL  DEPOSITS. 


Glacial  deposits  are  confined  principally  to 
high  altitudes  and  their  surrounding  areas. 
The  largest  deposits  are  present  around  the 
Uinta  Range.  Others  are  present  around  tho 
higher  portions  of  tho  Wasatch  Range,  notably 
in  the  vicinity  of  tho  Cottonwood  and  American 
Fork  canyons.  The  deposits  in  both  the3e 
ranges  have  been  mapped  and  described  by 
Atwood,2  by  whom  deposits  of  two  periods  are 
definitely  recognized. 

In  other  parts  of  tho  State  small  areas  have 
been  glaciated.  The  higher  portions  of  the 
Tushar  Range2  and,  according  to  Dutton,  the 
higher  portions  of  the  High  Plateau4  contained 
glaciers,  and  Ilill  reports  glacial  deposits  in 
tho  La  Sal  Mountains.1 

It  is  probable  that  such  deposits  oocur  in  the 
Abajo  (Blue)  Mountains,  but  they  have  not 
been  recognized  in  tho  Henry  Mountains. 
Woodruff*  and  Storrett7  havo  described  a  de¬ 
posit  of  till-liko  material  in  San  Juan  County, 
near  tho  Arizona  boundary,  wliich  was  re¬ 
garded  of  possible  glacial  origin.  Gregory," 


lTho  Tertiary  sedimentary  record  and  its  problems;  Problem*  cl 
American  gWloRy,  Vale  University  Press.  19) 3. 

1  Atwood,  W.  W  ,  Glaciation  of  the  Uinta  and  Wasatch  nioantnics; 
tT.  S.  Goo).  Survey  Prol.  Paper  (II,  1909. 

J  Litxlgrcn,  Waldcmar,  The  Annie  Laurioiaino,  Pluto  County,  Utah: 
11  •  s.  Geol.  Survey  Dull.  2SJ,  p  89.  lSCt!. 

'Dutton,  C.  E.,  Tho  Tertiary  lilstory  of  tho  Grand  Canyon  district: 
D.  S.  Geol.  Survey  Moll.  2,  p.  202,  1SS2. 

‘HUi,  J.  N.,  Notes  oh  tho  northern  !.»  Sil  Mountains,  Utah:  U.  S. 
Geol.  Survoy  Puli.  530,  p.  105, 1913. 

1  woodrult,  E.  0.,  Geology  ol  the  San  Juauol!  held,  Utah:  U.  S.  GeoL 
Survey  Bull.  171,  p,  K)(  1912, 

,  1  Storrett,  D.  It  ,  U,  S.  Geo).  Survey  Minrrul  Ittwources,  IOO-H,  pp.  323- 
827,  1909. 

*  Grc-ory,  H.  E  ,  Tho  igneous  origin  of  the  -'Klocinl deposits''  on  the 
Navajo  n.ic-rvrllcu,  ArUona  and  Utah:  Ain.  lour.  Sci.,  4th  aer.,  vol.40, 
PP.  97-113, 191.5. 
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howover,  has  shown  (hat  it  is  probably  an  in¬ 
trusive  breccia. 

On  the  geologic  map  (PI.  IV)  no  attempt  has 
been,  made  to  show  the  glacial  deposits,  as  they 
are  of  relatively  slight  importanco. 

LA-BTT  DEPOSITS. 

While  glaciers  were  accumulating  on  tho 
higher  elevations  water  collected  in  tho  lower 
oreus,  and  a  lake,  from  wliich  tho  tops  of  the 
Basin  Ranges  projected  as  islands,  spread  over  a 
largo  area  in  western  Utah.  This  luko,  which 
may  be  regarded  as  a  vast  expansion  of  tho  pres¬ 
ent  Great  Salt  Lake,  has  been  called  La  ko  Bonne¬ 
ville.  The  streams  flowing  from  tho  mountains 
brought  to  it  largo  amounts  of  sediment,  wliich 
were  distributed  by  tho  waves.  Terraces 
represent  the  beach  and  near-shoro  deposits 
of  the  lake,  and  rock-cut  benches  on  tho  ©x- 
posod  headlands  exhibit  the  work  of  tho  waves. 

Two  shore  lines,  distinct  in  many  localities, 
mark  levels  at  which  the  waters  of  tho  lake 
were  stationary  for  considerable  periods,  and 
other  less  distinct  lines  mark  levels  at  wliich 
the  waters  wore  comparatively  stationary  for 
shorter  periods.  The  extent  of  the  lnko  and 
its  shore  features  have-been  fully  described  and 
disc  ussed  by  Gilbert.2  Whilo  the  shore  fea¬ 
tures  were  being  formed  deposits  were  of 
:  course  being  laid  down  in  tho  deeper  portions 
of  the  basin,  but  these  have  for  tho  most  part 
been  buried  beneath  later  deposits  mid  are 
largely  inaccessible  to  observation. 

Tho  deposits  of  tho  Great  Salt  Lako  desert 
are  doubtless,  in  general,  similar  to  thoso  form¬ 
ing  in  tho  present  lake.  They  consist  of  saline 
muds  and  locally  of  beds  of  salt  of  considerable 
extent  that  accumiUnted  in  places  whore  tho 
desert  was  flooded  only  at  intervals.  In  Great 
Salt  Lake  there  havo  formed  and  still  are  form¬ 
ing  deposits  consisting  very  largely  of  oolitic 
grains  composed  of  calcium  carbonate.  On 
the  geologic  map  (PI.  IV)  no  attempt  has  been 
made  to  separate  tho  lako  doposits  from  tho 
other  Quaternary  deposits. 

VALLEY  DEPOSITS. 

In  tho  low  areas,  especially  in  tho  valleys 
between  the  desert  ranges,  largo  quantities  of 
rock  material  from  the  highor  elevations  have 
accumulated.  Many  of  tho  streams  aro  inter¬ 
mittent,  flowing  on  the  surface  only  during 

*  Gilbert,  G.  K.,  Luko  LiuncovilJc:  U.  3.  Gool.  Survoy  Moo.  I,  1390. 
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torrential  rains  and  even  then  sinking  into  the 
soil  close  to  the  points  where  they  emerge  from  I 
tho  range’s.  Tho  relatively  few  streams  that 
maintain  a  perennial  flow  likewise  sink  into  the 
soil  in  whole  or  in  part  after  they  reach  the 
relatively  flat  desert  valleys.  Conditions  are 
therefore  favorable  for  transporting  large 
amounts  of  rock  material  to  the  mouths  of  the 
mountain  canyons  and  dropping  them  to 
build  up  tho  immense  debris  fans  or  cones  that 
characterize  tho  desert  regions.  These  fans 
snreiid  out  laterally  from  the  mouths  of  the 
valleys  and  in  places  coalesce  into  n  continuous 
debris  apron.  Outwardly  from  the  mountain 
front  they  decrease  in  slope  and  become  pro¬ 
gressively  finer  grained  till  tiiey  finally  flatten 
out  and  can  bo  no  longer  recognized.  In 
many  desert  valleys,  however,  debris  fans  from 
ranges  on  opposito  sides  reach  the  center  and 
coalesce;  and  everywhere  the  fino  material  is 
gradually  carried  to  tho  lower  areas,  so  that 
the  surface  is  being  gradually  built  up. 

Little  is  known  concerning  the  thickness  of 
the  valley  deposits,  and  in  areas  that  were 
covered  by  the  Quaternary  lakes  it  is  not 
always  easy  in  separate  deposits  formed  in  the 
lake  from  those  deposited  in  tho  dry  valleys 
both  boforo  and  after  tho  luko  period.  Wells 
have  penetrated  these  deposits  for  several  hun¬ 
dred  feet,  and  there  can  bo  little  doubt  that  in 
somo  places  they  are  thousands  of  feet  in 
thickness.  So  far  as  ascertained,  they  consist 
of  a  very  variable  succession  of  day.  sand,  and 
gravel. 

Stream  deposits  are  a  form  of  valley  depos¬ 
its.  They  are  comparatively  insignificant  in 
amount  but  are  economically  important,  for 
they  uro  the  only  recent  deposits  that  have 
yielded  metals.  Important  amounts  of  gold 
have  been  obtained  from  them  in  Bingham 
Canyon,  less  amounts  from  Green,  Colorado, 
and  Sun  Juan  rivers,  and  very  small  amounts 
from  some  other  localities. 

IGNEOUS  ROCKS. 

GENERAL  DISTRIBUTION. 

Igneous  rocks  are  widely  distributed  in  Utah 
and  over  large  areas  are  tho  prevailing  surface 
formation.  They  aro  closely  associated  with 
many  of  the  metalliferous  deposits  of  the  State 
and  aro  consequently  of  great  interest  to  those 
engaged  in  metal  mining.  The  igneous  rocks 


may  ho  separated  into  extrusive  rocks,  or 
those  that  ha vo  flowed  out  on  the  surface  and 
solidified,  and  intrusivo  rocks,  or  those  that 
have  solidified  beneath  tho  surface. 

The  great  bulk  of  the  igneous  rocks  is  con- 
Oned  to  two  zones,  each  of  which  contains  both 
intrusive  and  extrusivo  rocks.  The  largest  of 
those  zones  lies  in  the  southern  part  of  the 
State,  where  it  extends  from  the  High  Plateau 
through  the  Basin  Range  province  to  eastern 
Nevada  (PI.  IV,  in  pocket).  Farther  east  it 
may  be  regarded  ns  represented  by  the  detached 
laccoLithic  masses  of  the  Henry,  Abujo,  and 
La  Sal  mountains.  This  great  bolt  can  be  sub¬ 
divided,  as  will  be  indicated  later. 

lire  second  zone  extends  from  the  western 
1  end  of  the  Uinta  Mountains  westward  and 
soutlvwestword  across  tho  State,  including  the 
igneous  masses  in  the  Wasatch,  Oquirrh,  Tin- 
tie,  Sheeprock,  Dugway,  Granite,  Deep  Creek, 
and  other  ranges.  It  may  be  subdivided  into 
a  northern  division  extending  from  the  Uinta 
Mountains  westward  to  Bingham,  and  a  south¬ 
ern  division  extending  from  the  latitude  of 
Mount  Nebo  westward  through  the  Tintie, 
Du  gw  ay,  Deep  Creek,  and  other  ranges. 

Smaller  areas  of  igneous  rocks  outcrop  in  the 
Raft  River  Mountains  in  the  northwestern 
part  of  the  State,  in  the  Pilot  Range  near  the 
Nevada  State  line,  and  in  many  other  localities. 

The  extrusive  rocks  (seo  PI.  IV)  cover  a 
much  larger  area  tlflm  the  intrusive,  espe¬ 
cially  in  the  southern  belt,  where  great  areas 
have  been  buried  by  lavas  in  some  localities 
to  a  depth  of  hundreds  of  feet.  It  is  not 
improbable  that  lavas  were  once  much  more  * 
extensive  in  the  northern  belt  and  have  been 
largely  removed  Dyr  erosion.  Such  erosion 
may  not  only  have  actually  decreased  the 
amount  of  extrusive  rock  hut,  by  revealing 
the  intrusivo  bodies,  may  also  have  increased 
the  apparent  relative  proportion  of  the  intru¬ 
sive  rocks  in  tho  northern  area. 

EXTRUSIVE  ROCKS. 

CHARACTER  AND  ORIGIN. 

The  extrusive  rocks  include  some  lava,  but 
tney  urc  in  greater  part  fragmental.  In  tho 
southern  part  of  the  State,  especially,  largo 
bodies  consist  of  elastic  or  fragmental  ma¬ 
terial.  According  to  Dutton,  the  great  bulk 
ol  this  material  in  the  High  Plateau  region 
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is  not  true  tuff  resulting  from  explosive  vol- 
canism  hut  is  the  result  mainly  of  the  breukiu" 
clown  of  enrlier  lavas  and  the  deposition  of  the 
resulting  material  as  volcanic  sediments.  The 
same  is  probably  true  of  large  bodies  of  frag¬ 
mental  material  in  the  southwestern  part  of  (he 
Stale  and  in  adjacent  parts  of  Nevada.1  The 
most  extensive  fragmental  beds  are  near  the 
base  of  the  extrusive  series.  Higher  in  the 
series  at  several  localities  is  some  fragmental 
material  that  is  probably  true  tuft*. 

Tlio  nature  of  the  eruptions  which  resulted 
in  the  great  accumulation  of  extrusive  material 
is  not  everywhere  clear,  and  much  more  work 
will  be  required  before  it  can  be  definitely  out¬ 
lined  for  the  entiro  series.  That  the  later 
eruptions  were  what  are  commonly  termed 
central  rather  than  fissure  eruptions,  though 
the  centers  may  he  closely  associated  with  fis¬ 
sures,  is  indicated  by  numerous  cones  that  are 
scattered  over  the  southern  Utah  field.  In  the 
case  of  the  older  deposits  where  erosion  has 
largely  or  entirely  removed  the  ancient  vol¬ 
canic  cones,  the  arrangement  and  attitude  of 
the  flows  frequently  indicate  that  they  origi¬ 
nated  from  centers.  Several  centers  from 
which  the  great  body  of  extrusive  rocks  of  the 
High  Plateau  region  emanated  have  been 
identified  by  Dutton;  and  to  the  north  in  the 
Tinlic  Mountains  three  center's  of  eruption 
have  been  located.  (See  p.  398.)  However, 
sonio  at.  least  of  the  southern  flows,  especially 
the  earlier  ones,  were  not  improbably  allied 
to  fissure  eruptions,  though  they  may  have 
been  confined  to  numerous  centers  along  the 
fissures. 

In  composition  the  rocks  range  from  rhyo¬ 
lite  to  basalt,  but  the  great  bulk  of  the  series 
is  of  intermediate  composition,  including  rather 
basic  rhyolites,  quartz  lathes,  dacites,  and 
andesites.  Basalt  is  very  subordinate  in 
amount  when  compared  with  the  series  os  a 
whole,  though  present  in  many  localities  and 
usually  conspicuous  as  representing  the  latest, 
volcanic  outflows.  The  alkaline  types  of  rock, 
such  as  the  loucite  and  nepheline-bearing  lavas, 
are  very  scarce,  having  been  noted  only  in 

*  Spurr,  J.  H.,  Dit^rrlpliva  grolosy  of  Nevada  soul!)  of  the  fortieth 
parallel;  v.  ?.  flcol.  Survey  Bull.  2CS,  p.  HO,  HAH. 


East  Fork  Canyon,  where  Dutton 3  has  de¬ 
scribed  an  isolated  occurrence  of  phonolito.  It 
is  not  improbable  that  detailed  work  will  dis¬ 
close  other  areas  of  alkali  no  lava,  but  it  seems 
certain  that  they  uro  rare  and  arc  nowhere  of 
large  oxlent. 

ORDER  OF  ERUTTIOK. 

The  relation  of  the  different  types  of  vol¬ 
canic.  rocks  to  one  another  and  the  relative 
lime  of  their  expulsion  is  a  matter  of  much 
interest,  but  sufficient  data  are  not  available 
to  warrant  definite  generalizations. 

I' l'oni  his  studies  in  tlio  High  Plateau  region 
Dutton  3  suggested  a  generalized  order  of  erup¬ 
tion,  based  partly  on  tho  earlier  order  suggested 
by  Richthofen,  that  seemed  to  agree  with  the 
observed  order  at.  different  localities  in  that 
area.  Later  Spurr 4  proposed  a  more  compli¬ 
cated  system  to  which  he  referred  the  lavus 
over  a  wide  area  in  the  Great  Basin  region. 

Tho  accompany ing  table  compares  several 
sections  of  tho  Utah  volcanic  rocks  with  the 
generalized  sections  of  Dutton  and  Spun-. 

Though  most  of  the  observed  sections  can  be 
made  to  fit  into  the  generalized  sections  so  far 
os  regards  general  chemical  composition,  it  is 
apparent  that  they  show  much  greater  varia¬ 
tion  in  mineral  composition.  Ransome3  has 
suggested  that  tho  apparent  agreement  with  the 
generalized  scries  of  Spurr  in  the  Goldfield  dis¬ 
trict,  Nevada,  is  due  to  tho  fact  that  almost  any 
limited  scries  can  bo  made  to  fit  the  system,  and 
the  writer  inclines  to  tho  same  view  for  the 
Utah  districts.  So  far  ns  he  has  been  able  to 
determine  in  his  study  of  the  effusive  rocks  in 
Utah  the  succession  of  different  lavos  is  not 
sufficiently  regular  to  permit  confident  predic¬ 
tions  as  to  the  kind  of  luva  that  underlies  any 
particular  kind  that  is  exposed  oil  the  surface. 
Comparison  of  the  different  sections,  however, 
docs  show  that  in  Utah  the  great  bulk  of  the 
lavas  is  of  intermediate  composition  and  that 
the  latest  eruptions  are  basaltic. 

i  Dutton,  C.  E.,  Geology  ol  '.he  nigh  1‘Ltcans  ol  l  ull,  p.  24  S,  U.  S, 
Occg.  Survey  Rocky  Min.  Region,  ISM. 

*  Mum,  p.  08. 

*  Spurr.,  J.  E.,  Luva*  In  tlio  Crrai  Cw-ln  region:  Jour.  Geology,  vol.  S, 
p.  M»,  1900, 

»  R .liven..’ ,  F.  I..,  Otolcigr  util  wi  dopo-ils  ol  Goldfield,  Xcv.:  U.  S. 
Cool.  Survey  Proi.  Puper  60,  p,  lyg,  19C'J. 
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ORE  DEPOSITS  OF  UTAH. 


CHEMICAL  COMPOSITION. 

In  the  following  tables  the  published  chemical 
analyses  of  the  effusive  rocks  of  the  State  are 
brought  together  for  comparison: 


5.  Specimen  46586A .  Darite  from  Swett  II ilia  Of0. 7  ^ 
flows).  Analysis  by  R.  D.  Hall,  University  oi  Wisconaa 

Chemical  analyses  of  Un  as  from  the  San  Francisco  and  aJja- 
rent  districts.  ~ 

Chemical  composition. 


Analyst*  0 fexlnmn'  racks  fro n-  Iron  Springs  dis'rirt.P 


Chemical  composition. 
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2 

3 

3a 

4 
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SiO . 

ei  83 

58.04 

68.35 

70  03 

73. 17 

61. 05 

AIA . 

in  os 

18  96 

13.  72 

14  47 

13.34 

18.  03 

Fe,0, . 

3.74 

6  88 

2.  23 

2.36 

1.36 

5.42 

FeO...... 

1.22 

1.33 

.80 

.84 

.76 

.98 

MgO . 

.79 

1.  11 

.54 

.57 

.81 

3.03 

CaO . 

2.  85 

6.  12 

5.49 

2.  42 

1.32 

6.40 

Na-,0 . 

.88 

2.28 

2.00 

2.(14 

1.80 

1.43 

K.O . 

7.  58 

4.  OS 

6.20 

5.48 

7.  10 

5.  58 

H.O . 

.92 

2.05 

.92 

.97 

.  54 

.SI 

PA . 

CO. . 

.35 

.34 

.08 
2.  52 

•  .08 

.07 

.30 

Ba6 . 

.  11 

.0-1 

.11 

.  11 

.  10 

.08 

99.  91 

100  21 

100.  49 

99.96 

100.  36 

100.  11 

1  Ltfith,  C.  K.r  and  lf(\r<lrf,  E.  C..  Tho  Iron  onvr  of  the  Iron  Hrriiigs 
diMlrtel,  southern  U*  ih:  U.  fl.  GeoS.  Survey  bull. p.  5ft,  IPGS. 
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SiO, . 
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FeO . 

GS.04 
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64.  48 

63.04 

67.72 

\l9.  02 

19.46 

21.98 

MgO . 
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.28 

None. 

1.49 

.90 

CaO . 
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4. 13 

S.  40 
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3.  54 

4.81 

3.  43 
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3.  39 
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Probabto  mineral  coinpoalOon  of  crystalline  rock. 
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Mineral  componliton  calculated  from  chemical  composition. 
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25.85 
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6.06 
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4. 16 
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.75 
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Water . 
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2  N 
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«  '  I 
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1.45 

'  I 

99.  03 
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99.  98 
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w253Sg?,un  ta*rt  ""  *"**«•  »f  in  Droa’s  Manual  of. 

1  Specimen  466:13  Fresh  early  trachyte  from  Antelope 
^  by  R-  D'  HaU*  Quiver- 

1.  Heavy-bedded  lava  southeast  of  Squaw  Springs 

(specimen  49).  . 

2.  Thin-bedded  lava  northeast  of  Frisco  (specimon  201. 

3.  Lava  from  prospect  miles  north  of  0.  K.  mine 
(specimen  IS7). 

4.  Lava  northeast  of  Carbonate  mice  (specimen  22). 

5.  Lava  from  northwestern  part  of  Star  district  (speci¬ 
men  148). 

Chemical  analyses  of  effusive  rocks  from  Tin  tic,  Turk  Cit), 
and  Jfarysialc  districts  and  from  Thomas  Range 

Chemical  composition. 
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Trace. 
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Chanhal  analysis  of  effusive  rod*  from  Tintic,  Pad:  Citii, 
and  WaryxvaU  districts  and  from  Thomas  Range — ('on. 


Norm  or  Ihoorritr  miner:*!  coin  position.  .* 


\ 

1 

0 

4 

5 

Quartz . 

32.4 

31.  S 

24.0 

13.6 

Orthoclase . 

27.  8 

29  2 

30.0 

25.  0 

Albitc . 

32.  0 

32.  5 

30.4 

25.  2 

Anorthite . 

5.0 

3.  f. 

8.  1 

17.0 

Hvpersthene . 

.  2 

1.3 

5.0 

Hematite . 

.  0 

Diop.'dde . 

1  l 

a  3 

1  2 

1  7 

4.9 

Corundum . 

1.3 

i 

It  Woahinjjton,  H.  9.,  Cliomlcil  nmiljsP!  ol  liiuoij  rot k«:  V.  S.  Cool. 
Survey  Prof.  Paporw,  pp.  ii>,  ixl,  j«i 7. 


1.  Rhyolite,  Thomas  Range.  Analysis  made  by  L.  G. 
Eakina  in  the  Denver  Laboratory. 

2,  Rhyolitic  glass  or  pitchstone,  edge  of  Gold  Mountain 
mining  district,  8  miles  north  of  west  from  Marysvalo. 
Analysis  by  W.  F.  Hillebrand,  record  No.  1833. 

4.  Packard  rhvolito,  TLutic  district.  Analysis  by  Dr. 
Stokes. 

5.  “Tintic”  andesite,  or  latite.  Analysis  by  Dr. 
Stokes. 

INTRTTSrVF.  ROCKS. 

distribution  and  character. 

Intrusive  rocks  are  widely  distributed  over 
the  western  port  of  tlio  State  and  are  present 
at  several  localities  in  t  he  southeastern  part. 

In  the  western  part  the  principal  large  bodies 
from  north  to  south  are  in  the  Raft  River 
; Range  in  the  northwestern  corner  of  the  State; 
the  Pilot  Range  on  the  Nevada  border;  the  east- 
west  belt  extending  from  the  Park  City  region 
westward  through  the  Little  Cottonwood  and 
the  Bingham  regions;  the  belt  extending  from 
the  Tintic  Range  westward  in  the  Sheoprock, 
Granite,  and  Deep  Creek  ranges;  the  igneous 
belt  extending  from  the  San  Francisco  Range 
eastward  through  the  Beaver  Lake,  Rocky, 
Star,  Mineral,  and  1'ushnr  ranges  to  the  Ante¬ 
lope  district  northeast  of  Marys vnle;  and  the 
belt  which  extends  snuthwestward  through  the 
Iron  Springs  district  and  the  Bull  Valley  region 
and  is  reported  to  continue  into  Nevada.  In 
the  southeastern  part  of  the  State  are  the  lac- 
colithic  bodies  of  the  Plonry,  Abujo,  and  La  Sal 
mountains.  Small  intrusive  bodies  like  dikes 
..and  sills  are  present  at  numerous  other  locali¬ 
ties  in  the  State. 

Intrusive  bodies  have  been  given  names  de¬ 
pending  on  their  shape,  size,  relation  to  sur¬ 
rounding  rocks,  aud  supposed  mode  of  origin. 


For  the  purpose  of  the  present  discussion  it 
will  bo  sufficient  to  state  what  is  meant  by  a 
few  of  the  terms  when  used  in  this  report. 
(See  fig.  6,  p.  92.) 

A  dike  is  an  injected  body,  has  nearly  parnllel 
walls,  is  narrow  in  proportion  to  its  out¬ 
cropping  edge,  cuts  across  the  bedding  when 
the  injected  formation  is  stratified,  and  has 
any  angle  of  dip. 

A  sheet  or  sill  is  a  tabular  injected  body 
lying  parullel  to  the  bedding  pianos  of  the 
country  rock. 

A  laccolith  is  closely  related  to  a  sheet  or  sill 
but  typically  has  a  moro  lenticular  form,  the 
overlying  rocks  or  roof  being  raised  as  a  dome 
over  the  thicker  portion,  or  the  underlying  rocks 
or  floor  perhaps  depressed  into  a  basin.  The 
distinguishing  and  important  feature  of  the 
laccolith  is  that  it  has  a  floor  separating  it  from 
lower  bodies  of  similar  material  and  that  the 
opening  through  which  its  material  entered 
is  relatively  small. 

A  stock  extends  indefinitely  downward  and 
in  many  instances  increases  in  area  with  in¬ 
creasing  depth.  It  has  no  floor  and  conse¬ 
quently  is  not  separated  from  the  source  of  its 
material.  A  stock  of  largo  dimensions  is  fre¬ 
quently  termed  a  bntholith. 

The  laccoliths  and  stocks  of  the  State  are 
rather  definitely  separated  geographically,  the 
intrusive  bodies  of  the  southeastern  part  of 
the  State  being  typically  laccoliths  and  those 
of  the  western  part  typically  stocks.  There 
may  be  some  truo  laccoliths  in  the  western  area 
but  there  are  probably  no  true  stocks  in  the 
southeastern. 

MODE  OF  INTRUSION. 

The  space  occupied  by  an  intrusive  body  may 
bo  considered  ns  having  been  formed  in  either 
one  of  two  ways  or  by  a  combination  of  the 
two.  It  may  have  been  formed  by  the  push¬ 
ing  upward  or  aside  bodily  of  the  muteriul 
previously  occupying  the  space,  or  it  may 
havo  been  formed  by  the  assimilation  of 
that  material  in  the  intruding  body.  Assimi¬ 
lation  may  take  place  in  several  ways.  The 
molten  material  may  have  simply  dissolved 
the  rock  and  thus  advanced  into  the  solid  rock 
mass,  or  it  may  have  wedged  off  blocks  from 
the  top  or  sides  or  even  from  the  bottom  of  the 
chamber.  If  these  blocks  are  heavier  than  the 
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molten  material,  they  will  sink  until  dissolved. 
IC  they  are  lighter,  they  will  rise,  hy  t.iis 
method,  which  is  called  by  Daly  magmatic 
stoping,  a  body  of  molten  rock  could  advance 
into  a  solid  formation  without  disturbing  the 
position  of  the  invaded  rocks  other  than  those 
immediately  affected. 


the  associated  rocks  that  is  well  developed  in 
the  Central  Wasatch,  in  the  Raft  Diver  Range, 
and  less  clearly  in  many  other  places.  The 
stocks,  however,  are  distinctly  crosscutting 
bodies,  and  the  doming  eaji  not  account  for  all 
the  lock  displaced.  In  some  localities  these 
crosscutting  bodies  have  formed  the  space,  in 
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Fiouhb  6.— IileiU  cress  section  o!  Igneous  arcs,  showing  dUIorout  types  ofigoxius  bodies. 


There  is  ample  evidcnco  from  different  parts 
of  the  world  tliutspnco  for  intrusive  bodies  has 
been  formed  by  each  of  these  methods. 

A  typicnl  product  of  intrusion  by  simple 
displacement  is  the  laccolith,1  and  it  was  in 
southeastern  Utah  that  this  typo  of  intrusive 
body  was  first  recognized.  The  laccoliths  of 
this  region  clearly  wero  formed  by  the  doming 
up  of  tho  sedimentary  strata,  to  which  the 
intrusive  contacts  are  for  the  most  part, 
parallel.  There  Ls  no  evidence  of  material 
assimilation  of  tho  sedimentary  rocks  by  the 
intruded  magma. 

The  stocks  in  the  western  part  of  the  State 
also  show  evidence  of  displacement  of  the 
earlier  rocks,  especially  in  the  dome  structure  of 


'C’"Nan'a  K  -  “ton  P»*«r  Hoary  Hour  Laics,  i. 
pp.,  V .  S.  Grog.  and  Owl.  Survey  Rocky  Mtn.  Region,  1877. 


part  at  least,  by  forcing  blocks  of  earlier  rocks 
bodily  before  tho  entering  mass,  as  in  the  Park 
City  district,3  in  the  Tintic  district,*  and  appal* 
cntly  in  tho  Star  district.* 

Evidence  of  stoping  is  perhaps  less  easily 
detected  and  for  this  reason  perhaps  is  not 
known  to  have  been  of  prime  importance  u> 
Utuh.  In  tho  Tintic  district  there  is  abundant 
ovidenco  of  stoping,  but  all  of  it  is  later  than 
the  faulting  due  to  tho  igneous  intrusions. 

Numerous  blocks  of  sediment  are  included  in 
thestocks  of  tho  San  Francisco  Range,  the  RoR 
River  Range,  the  Park  City  district,  and  the 

*  Bout-wall,  J  M,,  and  Woolly,  l,.  n.,  G oology  and  ore  deposit!  of  a* 
Pori:  City  district,  Puih:  U.  3.  r.col.  Survey  I'rof.  Faptr  77,  p.  97. 19 ** 

•Lindgren,  Woldemar,  and  Loeghlln,  O.  F„  <Wory  ind  or*  dopes 
oflhoTintlo  mining  district,  Uulii  1).  8.  Cool,  fiurvar  Prof.  P»f*r  ,u  * 
388  PP  ,  l»U. 

•Butler,  D.  B.,  Geology  and  ore  deposits  of  lb«  San  Francisco  • 
odjaccnl  district.-,  Utah:  V.  8.  Goal.  Survey  Prof.  Paper  SO.  P- 7I* 191 
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Tintic  district.  Iu  the  Park  City  district* 
bodies  of  Pennsylvanian  and  Mississippi  an 
limestone  have  been  raised  many  feet  above 
their  normal  position,  and  the  same  is  true  of 
a  body  of  quartzite  in  tho  Tintic  district;  butin 
neither  locality  has  it  been  shown  that  there 
lias  boon  important  assimilation  of  the  in¬ 
cluded  blocks. 

Leith  and  Harder  consider  that  there  hat- 
been  a  notable  shrinkage  of  the  limestone  adja¬ 
cent  to  the  intrusives  in  the  Iron  Springs  dis¬ 
trict.  This,  however,  could  provide  only  a 
small  fraction  of  the  space  occupied  bv  the 
intrusive  bodies. 

Tho  available  evidence  indicates  that  most 
of  tho  space  occupied  by  the  visible  parts  of  the 


Fionas  7.— Ideal  crow  section  cf  froapol  laccoliths.  After  Cilbort. 

intrusive  bodies  was  formed  by  a  displacement 
of  the  earlier  rocks  and  little  of  it  by  assimi¬ 
lation. 

LACCOLITHS. 

Laccolithio  bodies  have  beer  exposed  by 
erosion  in  the  Henry,  Ahajo,  end  La  Sal  moun¬ 
tains.  In  other  areas,  for  example,  iu  Navajo 
Mountain  iuid  the  San  Rafael  Swell,  the  struc¬ 
ture  Suggests  the  presence  of  similar  bodies 
that  have  not  yet  been  revealed  by  erosion. 

Tho  three  groups  are  of  a  single  typo.  Each 
is  composed  of  numerous  laccoliths,  sheets, 
and  dikes  intruded  into  the  sedimentary  rocks 
from  tho  Triassic  to  tho  Cretaceous.  They 
range  from  bodies  only  a  few  feet  thick,  whoso 
lateral  dimensions  nre  measured  in  rods,  to 
bodies  hundreds  of  feet  thick  which  cover 
several  square  miles.  In  form  they  show 
every  gradation  from  the  true  sheet  with  essen¬ 
tially  parallel  door  and  roof  to  lenticular 
laccoliths  with  high-domed  roofs.  (See  fig.  7.) 

Rocks  from  different  bodies  differ  greatly  in 
general  appearance,  principally  owing  to  the 
different  conditions  under  which  they  were 
solidified.  All  are  porphyritic,  but  in  some  the 


groundmass  is  very  fine  and  the  rocks  resemble 
stirfaco  flows,  for  which  indeed  they  have 
sometimes  been  mistaken  where  erosion  has 
removed  tho  overlying  sediments.  Iu  tho 
larger  bodies  much  of  tho  groundmass  is 
rather  coarsely  crystalline  and  even  granitic 
in  texture. 

As  a  group  the  rocks  are  charuetevist.icaUy 
of  intermediate  composition,  not  only  in  Utah 
but  also  in  Colorado  and  Arizona.*  The  differ¬ 
ence  in  the  composition  of  different  bodies 
would  be  considered  groat,  enough  to  justify 
different  potrographic  namos  were  it  not  that 
equally  groat  differences  occur  in  single  rock 
masses.  All  tho  rocks  lmve  tho  general 
composition  of  quartz  monzonites  or  gra no¬ 
di  orites. 

Tho  following  tables  contain  chemical 
analyses  of  rocks  from  tho  La  Sal  and  tho 
Henry  mountains: 


Analyses  of  rocks  from,  the  La  Sal  Mountains. 


1 

2 

3 

4 

5 

0 

SiO, . 

Gl.  21 

73.27 

70.02 

63.96 

02.  64 

68.  99 

ALO, . 

17.  10 

13.  29 

14.33 

15.  42 

17.  3ti 

19.01 

Fft,0, . 

2.  72 

1.  1C 

1. 17 

1.99 

2.79 

1.74 

FeO . 

1.8S 

.13 

.13 

.10 

.63 

.59 

M"0 . 

1  47 

.07 

.01 

.22 

.53 

.27 

CaO . 

4.  S3 

.21 

•  CO 

.26 

1.70 

2.02 

Xa,0 . 

5  fif, 

3.  44 

5  43 

G.  69 

7.00 

9.  11 

K,0 . 

3.00 

7.33 

5.  87 

5.  18 

4.97 

6.07 

H,0— _ 

.34 

.23 

.27 

.22 

.4.3 

.33 

11,0+.  ... 

.08 

.43 

.41 

.30 

.53 

1.24 

TiO, . 

.51 

.10 

.10 

.12 

.43 

.21 

Zr<>, . 

.02 

.02 

.01 

.04 

.02 

.07 

None. 

.02 

.33 

.13 

.54 

None. 

pA . 

.21 

Trace. 

Trace. 

Trace. 

.12 

.  04 

s63! . 

N  «i«. 

.07 

.19 

None. 

.06 

.90 

Cl. . 

.04 

.01 

.03 

.01 

.03 

.15 

MnO . 

.13 

.03 

.02 

.07 

.04 

.03 

BaO . 

.13 

.  10 

.13 

Trace. 

.10 

.02 

SrO . 

.07 

None? 

.00 

None. 

.07 

.02 

LijO . 

Trace? 

Trace? 

Trace. 

Trace. 

None. 

Trace. 

100.05 

f 

100.11 

99.  95 

09.  9tf 

99. 99 

99,97 

1.  Monzonilo  porphyry,  2  miles  west  of  Mount  I’ealo. 
Analysis  by  W.  F.  Uillcorand. 

2.  "Afigimo  granite  porphyry,  about  1,5  miles  smith  of 
.Mount  \Vaas.  Analysis  by  \Y.  F.  Hillobrand. 

3.  Syenite  aplile  porphyry  resembling  prormlite. 
About  2  miles  south  of  Mount  Wans.  Analysis  by  W.  F. 
llillebrand. 

4.  Syenite  porphyry  resembling  solvshergite.  About  1 
mile  northwest  oi  Mount  Waas.  Analysis  by  W.  F. 
llillebrand. 

5.  PulasJrite,  1  mile  west  of  Mount  Waas.  Analysis  by 
W.  F.  Hillebrand. 

6.  Noselite  syenite  porphyry,  diko  on  northwest 
shoulder  of  Mount  Waas.’  Analysis  by  W.  F.  llillebrand. 


•  Cross,  Whitman,  The  lercotnhic  maintain  groups  ol  Colorado,  Utah, 
and  Ariiona:  V.  S.  Geol.  Survey  Fourt.v.th  Ann.  Rcpt.,  pt.  2,  p.  227, 

1823. 


1  Doutsvull,  I.  M  ,  and  Woolsey,  L.  H.,  p.  B7, 1912. 
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Chemical  analytes  of  rods  from  Henry  Mountain*. 

Chemical  compotiiliun. 


SiOj... 

AIA- 
FgA~ 
F«0.... 
MgO... 
CaO... 
N  a,0 . . 
K^O.  . 
H/>-. 
H/>+. 
TiO„... 
C02.... 

PA¬ 

SO,.... 

MnO... 

IlaO... 

SrO.... 

Li.O... 


1 

1  > 

2 

3 

63.  16 

62.  89 

GO.  98 

17.21 

17.  13 

19. 09 

2. 43 

1.  SO 

1.76 

2.  :J,0 

2.58 

1. 15 

1.  27 

1.48 

.65 

6.  27 

5.39 

3.  67 

4.  70 

4.00 

(i.  70 

1.81 

2.  25 

3.  33 

.  16 

.  4S 

.09 

.42 

.41 

.21 

.51 

.36 

.62 

.  12 

.26 

.  10 

Trace. 

.  16 

.  15 

.09 

.  16 

.43 

Trace? 

.  12 

.28 

Trace. 

Trace. 

Tram. 

100.  29 

100. 29 

99.  86 

off  from  the  deep-seated  sources.  In  small 
nud  relatively  thin  bodies  the  molten  material 
solidified  quickly  and  the  part  remaining  long¬ 
est  fluid  .had  little  opportunity  to  form  dika 
of  u  composition  differing  from  that  of  tha 
main  body  of  the  luccolitli.  In  the  larger 
laccoliths,  however,  the  inner  portions  may 
have  solidified  slowly  and  have  remained 
partly  fluid  after  the  outer  crust  was  suffi¬ 
ciently  solid  to  permit  Assuring.  This  fluid 
portion  might,  readily  have  been  squeezed  into 
tho  fissures  in  the  solid  crust  and,  solidifying 
there,  have  formed  dikes  differing  in  composi¬ 
tion  from  the  body  of  the  laccolith.  A  similar 
origin  of  mineralizing  solutions  is  discussed  on 
page  197. 

If  this  explanation  is  correct  it  is  evident 
that  the  amount  of  differentiation  and  there¬ 
fore  the  abundance  of  dikes  is  roughly  depend¬ 
ent  on  tho  size  of  tho  laccolith. 


Appn>xlmulo  miner*!  compOhllton. 


Quart  n . 

14.  8 

11.9 

1.3 

Orthoelaao  molecule . 

11.  1 

13. 3 

20. « 

Albite  molecule . 

39.8 

37  7 

56.  i; 

A  north  i  to  molecule . 

20.3 

20.0 

11.7 

Hornblende  und  nugitc . 

9.  6 

6.9 

4.  S 

Magnetite . 

3.5 

2.8 

2  0 

Ilmcnite . 

.5 

.  0 

.$ 

1.  Porphyry.  Analysis  by  \V.  F.  iTillebraiirt. 

2.  Hornblende  porphvrito.  Sheet,  revot-emg,  Mount 
Hellene  Analysis  by  \tf.  F.  Hillebrand . 

3.  Augite  pnrphyrite.  Dike  on  north  spur  of  Mount 
Pennell.  Analysis  by  W.  F.  Hillebrand. 

In  the  smaller  loccolithic  bodies  no  later 
dikes  are  present,  and  in  the  larger  laccoliths 
they  are  few  and  small.  Such  rocks  have  been 
carefully  studied  in  tho  La  Sal  Mountains  by 
Prindle,  who  finds  them  high  in  alkalies, 
especially  sodium,  and  low  in  calcium  and 
magnesium.  Detailed  study  of  tho  other 
groups  will  doubtless  reveal  dikes  associated 
with  the  larger  laccoliths;  sonic,  indeed,  are 
known  t,o  be  present  in  the  Henry  Mountains. 

The  similarity  in  tho  composition  of  the 
several  lnccolithic  bodies  in  a  group  und  the 
absence  of  dikes  from  all  but  tho  larger  are 
characteristic.  Those  conditions  may  be  ex¬ 
plained  os  follows:  Tne  material  forming  the 
laccolith  entered  tho  space  it  occupies  through 
ft  relatively  narrow  opening,  which,  it  is 
reasonable  to  suppose,  was  quickly  choked 
once  the  active  flow  of  material  ceased,  and  the 
laccolithic  body  was  thereby  effectually  sealed 


STOCKS  AND  ALLIED  BODIES. 

DISTRIBUTION  AND  CHARACTER. 

Stocks  are  found  only  in  tho  western  part  of 
tho  State,  where  they  are  present  in  many  of 
tho  ranges  crossed  by  the  igneous  bolts.  (See 
PI.  IV,  in  pocket.) 

They  cut  rocks  from  pro-Cambrinn  to  Tertiary 
in  age,  some  single  stocks  or  series  of  stocks 
intruding  nearly  all  of  tho  formations  lying  be¬ 
tween  rocks  of  these  two  ages.  For  example, 
tho  stocks  of  the  middlo  Wasatch  extend  from 
pro-Cambrian  to  Triassic,  those  of  tho  San 
Francisco  and  adjacent  regions  from  Cambrian 
to  Triassic,  and  thoso  of  the  Tinlic  Range  from 
Cambrian  sediments  to  Tertiary  lavas.  They 
show  no  apparent  tendency  to  be  more  abun¬ 
dant  in  the  rocks  of  ono  period  t  han  in  thoso  of 
another,  though  it  may  be  noted  thut  soveral 
of  the  lnrgest  bodies  are  associated  with  the 
older  rocks,  as,  for  example,  the  Little  Cotton¬ 
wood  nml  Granite  Mountain  stocks  in  the  pre- 
Cambrian  rooks  and  the  Ibupall  stock  of  tho 
Deep  Creek  Range  in  the  pre-Camhrian  though 
extending  into  the  Carboniferous.  The  l«rg° 
stock  of  the  Mineral  Range,  however,  cuts 
sediments  of  Carbon iferous  and  later  ug«s.  h 
is  worthy  of  note  that  tho  area  in  which  the 
stocks  occur  was  probably  never  covered  by 
tho  grout  thickness  of  Crotnceous  shales  that 
covered  eastern  Utah. 

The  rocks  of  tho  stocks  range  in  texture 
from  typically  granitic  to  typically  porphyritic, 
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not  only  in  different  stocks,  but.  in  nmny  indi¬ 
viduals.  1  t  is  not  confined  to  the  smaller  bod¬ 
ies,  for  tho  largo  Ibapah,  Little  Cottonwood, 
and  Granite  Itango  stocks  are  characterized  by 
large  phcnocrysts  of  feldspar.  In  some  local¬ 
ities,  however,  tho  smaller  bodies  and  those 
intruded  nearest  the  surface  apparently  tend  to 
porphyritic  and  tho  larger  and  deeper  seated 
bodies  to  granitic  texture.  In  individual 
stocks  also  (in  the  stock  of  tho  Sau  Francisco 
Range,  for  instance)  tho  higher  or  marginal 
portions  may  be  pronouncedly  porphyritic,  and 
tho  main  body  of  the  stock  granitic. 

COMPOSITION. 

General  features.- — The  stocks  of  tbcStatc.liko 
the  laccolithie  bodies,  arc  as  a.  whole  of  inter¬ 
mediate  composition.  They  show  much  greater 
variation,  however,  ranging  from  granite 
through  granodiorite  and  quartz  monzonito  to 
quartz  diorite.  'There  is  apparently  a  rat  bet- 
marked  relation  between  the  size  of  a  stock 
and  possibly  also  the  depth  at  which  it  solidi¬ 
fied,  and  its  chemical  composition.  The  larger 
stocks  are  generally  richer  in  silica,  alumina, 
potassium,  and  sodium,  and  poorer  in  calcium, 
magnesia,  and  iron.  This  holds  true  for  the 
LittloCottonwood,  Sheeprock  Mountain,  Desert 
Mountain,  Granite  Mountain,  Ibapah  Moun¬ 
tain,  and  Mineral  Mountain  bodies.  In  gen¬ 
eral,  also,  the  more  siliceous  rocks  are  in¬ 


truded  into  the  older  sediments.  This  is 
tiuo  of  the  Little  Cottonwood,  Sheeprock 
Mountain,  Desert  Mountain,  Raft  River  Moun¬ 
tain,  Granite  Mountain,  and  Ibapah  Mountain 
stocks,  all  of  which  are  intruded  into  Cambrian 
and  pre-Cambrian  rocks,  though  tho  Ibapnli 
stock  probably  extended  nearly  or  quito  to  the 
Carboniferous. 

In  tho  southern  belt  the  most  siliceous  rocks, 
those  of  the  Mineral  Mountains,  are  associated 
with  the  Carboniferous  and  Trinssic  sediments, 
end  the  less  siliceous  rocks  (those  of  the  San 
Francisco  Mountains,  for  instance)  are  asso¬ 
ciated  with  older  rocks,  intruding  Ordovician 
and  possibly  older  sediments.  The  San  Fran¬ 
cisco  stock,  however,  intrudes  also  Tertiary 
cruptives,  indicating  that  although  associated 
with  older  sedimentary  rocks  it  is  not  a  deep- 
soated  body. 

The  possible  significance  of  the  two  facts  t  hat 
tho  more  siliceous  rocks  form  the  larger  intru¬ 
sive  bodies  and  that  they  are  int  ruded  into  the 
older  strata  are  discussed  on  page  98. 

Analyses. — In  the  following  tables  are  given 
the  available  chemical  analyses  of  rocks  from 
stocks  or  allied  bodies  of  intrusivo  rock  in  the 
State.  Thoso  that  seem  to  illustrate  signifi¬ 
cant  variations  in  composition  are  assembled 
in  the  tables,  and  a  few  analyses  of  extrusive 
rocks  are  included  for  the  sake  of  ready  com¬ 
parison  with  the  associated  intrusive  rocks. 


Analyses  of  rocks  from  the  Little  Cottonwood,  Bingham,  and  Park  City  slocks  and  of  the  extrusive  rocJ:  of  Park  City  area. 
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1.  Granodiorite,  Little  Cottonwood  stock.  R.  C.  Wells,  analyst. 

-•  Quartz  diorite,  east  side  of  Brighton  Gap.  W.  F.  Hillebrand,  analyst. 

L  Quartz  diorite  porphyry,  Valeo  mine,  Cottonwood  Canyon.  y  •  F- Hillebrand,  ........... 

■1.  Quurtz  diorite  porphyry,  dike  northwest  of  Daly- West  shaft,  Park  t  ity  district.  V.  .1-  Hillebrand,  analyst. 
Quartz  diorite,  three-fourtha  of  a  Diile  northeastof  Clayton  Peak.  M  .  F.  Hillebrand,  analyst. 

6.  Monzonito,  British  tunnel,  Last  Chance  mine,  Bingham  district.  E.T.  Allen,  analyst. 

7.  Monzonito,  Tribune  tunnel,  Telegraph  mine,  Bingham  district  E.  T.  Allen,  analyst. 

S.  Andesite,  Ontario  drain  tunnel,  Park  City  district.  W.  F.  Hillebrand,  anal  vs . . 
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Chemical  annlyes  oj  todkt  from  the  Ilapah slock  and  from 
a  locality  near  Gold  Util,  Deep  (  rick  P.angi. 


•r< .  c,  write,  .intlirst  1 
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1.  fi'ranorliorite.  Ih&pah«lc.ck. 

2.  Quartz  inon/.'inile,  Clifton  district. 

Chemical  analjur*  of  quartz  maiuonite  from  On  San  Fran- 
cisco  and  adjacent  dirtrn  U. 
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72 
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.23 

JluO . 

.07 

_ 

1 . 

1.  Quartz  monzonitc.  Cactus  area,  San  Franciaco  dis¬ 
trict. 

2-  Quartz  monzonitc,  Beaver  I.ako  <listrict. 

3.  Quartz  iwmzonito,  Star  district. 

4.  Quartz  mou/onito,  0.  IC.  vertical  shaft,  Beaver  Lake 
district. 


Chemical  anali/sci  of  quark  mmunniU  and  andesite  from,  the 
Tin  tic  and  Iron  Springt  dintnclt. 
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.  12 

uikU . 

SrO . 

.09 

Trace. 

.17 

.05 

1.  Monzonitc.  Iron  Duke  mine,  Tintic  district.. 

2.  Andesite,  cast  of  tlrauiU:  Mountains.  Iron  Spring* 
district. 

3.  Weathered  andesite,  Desert  Mound,  Iron  Spring* 
dis'rict. 

An  examination  of  tlio  analyses  from  the 
Little  Cottonwood,  Park  City,  and  Bingham 
districts  shows  tlmt  the  largest  body  which  is 
associated  with  the  oldest  rocks  is  tko  most 
siliceous  and  is  relatively  low  in  calcium,  mag¬ 
nesium,  and  aluminum.  Farther  to  the  cast, 
smaller  bodies  that  intrude  higher  formations 
arc  lower  in  silica  nud  markedly  richer  in  alumi¬ 
num,  calcium,  and  magnesium.  Sodium,  po¬ 
tassium,  and  iron  show  no  very  marked  differ¬ 
ences.  The  Bingham  stock,  which  intrude® 
upper  Carboniferous  rocks,  does  not  differ 
greatly  from  the  Park  City  stocks  at  about  tho 
same  horizon. 

In  the  accompanying  diagram  (fig.  S)  to 
analysis  of  the  Bingham  rock  and  tho  three 
available  analyses  from  the  Cottonwood  and 
Park  City  districts  that  are  free  from  carbon 
dioxide  and  that  evidently  represent  nearly 
fresh  rocks  are  plotted  to  show  the  relation 
of  tho  principal  oxides  to  tho  silica  content. 
The  silica  in  each  analysis  is  plotted  as  an  ab¬ 
scissa  and  the  remaining  oxides  in  each  analy¬ 
sis  on  a  single  vertical  ordinate  located  by  the 
silica  abscissa.*  The  form  of  the  line  that  con¬ 
nects  tho  points  representing  an  oxide  on  the 
several  ordinates  expresses  the  variations  in  the 
ratio  of  their  oxido  to  silica. 

The  analyses  thus  arranged  according  to  de¬ 
creasing  silica  arc  likewise  arranged  in  order  of 
tho  age  of  tho  rocks  in  which  the  stocks  am 
intruded,  the  more  siliceous  being  in  the  older 
rocks.  An  analysis  of  the  andesite  of  tho  Park 
City  area  is  also  plotted,  and  it  falls  m  fairly 
well  with  tho  series,  being  higher  in  alumina 
and  calcium,  essentially  the  sumo  in  magne¬ 
sium,  and  slightly  lower  in  alkalies  and  iron. 

Tho  analyses  representing  the  stocks  in  tho 
Deep  Creek  Range  show  that  the  stocks  ore 
similar  os  to  ago  of  the  intruded  rocks  and  the 
composition  of  tho  intrusive  rock,  but  that  they 
differ  through  n  decrease  of  alumina  in  thole3 
siliceous  rock  and  ft  more  pronounced  increase 
in  iron. 

The  Grftnito  Range  contains  but  one  la1?* 
stock,  wliio.h  is  distinctly  granitic  and,  with  th® 
abundant  pegmatite  (pegmatite  dike3  are  esti¬ 
mated  to  occupy  20  per  cent  of  the  expos’1115 


i  IddinKs,  J.  1*  ,  Ipnroits  rocks,  vol.  1,  p.  10,  IW®. 
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overlarge  areas),  is  probably  tho  most  siliceous 
and  most  highly  alkaline  large  intrusive  body 
in  the  State.  The  Raft  River  Range  stock  is 
similar  in  composition  to  thostock  of  theGranite 
Range.  The  mam  intrusive  stock  of  theTintic 
Range  is  similar  in  composition  to  those  of  the 
Bingham  and  Park  City  districts.  Comparison 
of  those  widely  separated  stocks  would  prob- 


late  rocks  and  aro  relatively  small.  In  com¬ 
position  they  are  similar  to  tho  smaller  stocks 
in  tho  younger  rocks  in  other  parts  of  the  State. 

Causes  of  differences  in,  composition.1—' Tho 
composition  of  a  molteu  rock  mass  or  magma 
can  bo  changed  by  the  solution  of  rocks  of  dif¬ 
ferent  composition,  and  by  tho  separation  of 
the  magma  into  portions  differing  in  composi- 


rjQiraEa.— Diagram  showing  relation  ofsiltca  to  other  principal  oxides  of  tho  intrusive  rocks  of  tho  twit  comprising  tho  Bingham,  Llttto  Cotton¬ 
wood,  and  Pork  City  districts.  1,  Oronodlorilc,  Littlo  Cottonwood  stock;  2,  quart!  diorlto,  cast  side  of  Brighton  Cap;  A,  quarli  diorile, 
three-fourths  0f  u  uiilo  northeast  of  Clayton  Peak;  6,  quartr  motuonltc,  British  Tunnel,  Last  Chance  Mine,  Bingham  district;  8,  ondeslto,  On¬ 
tario  drain  lunnol,  Park  City  district. 


ably  foil  to  show  the  fairly  regular  relationships 
that  obtain  between  closely  associated  bodies. 

Chemical  analyses  aro  not  available  of  the 
larger  stock  of  the  Mineral  Range  in  tho  south¬ 
ern  belt,  but  it  is  certainly  distinctly  more 
siliceous  and  lower  in  calcium  and  magnesium 
than  those  cither  to  tho  east  or  west.  So  far 
as  indicated  by  present  knowledge  tho  change 
iu  this  belt  is  similar  to  that  in  the  central 
Wasatch  and  tho  Deep  Creek  ranges. 

All  tho  stocks  in  tho  belt  extending  through 
the  Iron  Springs  district  wero  intruded  into 
35-1  ig4— 19 - 7 


tion.  Tho  first  process  is  called  assimilation, 
tho  second  differentiation. 

It  is  apparent  that  if  a  quantity  of  basaltic 
rock  wero  dissolved  in  a  magma  having  the 
composition  of  granite  tho  resultant  mixture 
would  be  more  basic,  or  if  quartzito  wero  dis- 

t  Tboso  do.lring  a  general  discussion  el  this  subject  aro  referred  to 
tho  textbooks,  cip'-daliy  to  tbo  following:  Igneous  rock*,  by  J.  V. 
Idlings;  Ignrojs  recks  and  their  origin,  by  R.  A.  Daly;  The  natural 
history  of  Igneous  rocks,  by  A.  Barker.  An  especially  *uggf.<tIvo  dis¬ 
cussion  ban  d  on  experimental  data  ban  txxn  presented  by  N.  L.  Bowen 
(The  later  stages  of  tho  evolution  of  the  igneous  rocks:  Jour.  Geology, 
vol.  23,  Xo.  8,  suppl ,  1915). 
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solved  in  a  basaltic  magma  the  resultant  ma¬ 
terial  would  be  more  siliceous  than  basalt. 

The  separation  of  a  magma  into  portions 
differing  in  composition  may  be  thought  of  os 
occurring  in  several  ways. 

In  a  fluid  magma  the  heavier  portions  may 
settle  in  a  manner  similar  to  the  separation  of 
matte  and  slag  in  a  smelting  mixture.  On 
crystallization,  basic  minerals  commonly  form 
earliest.  They  are  heavier  than  the  fluid 
magma  und  may  settle  and  at  greater  depth 
may  dissolve  or  remain  undissolved,  thus 
tending  to  decrease  the  basicity  of  the  portion 
wliero  they  wore  formed  und  to  increase  it  in 
the  portion  where  they  dissolve  or  collect.  If 
siliceous  minerals  form  that  are  lighter  than 
the  magma  the  reverse  takes  place.  If  a 
portion  of  the  mugma,  as  that  near  the  in¬ 
closing  walls,  cools  faster  than  the  rest,  the 
basic  minerals  begin  to  crystallize  first  and  the 
composition  of  tho  remaining  liquid  becomes 
more  siliceous.  According  to  the  well-known 
law  that  u  solution  tends  to  become  uniform 
throughout,  there  would  bo  n  movement  of  the 
basic  constituents  toward  this  area,  and  a 
movement  of  the  siliceous  constituents  away 
from  it.  The  tendency  of  this  process  is  to 
make  the  rock  that  crystallizes  first  moro  basic 
than  tho  muss  of  the  magma. 

When  u  magma  is  largely  solidified  and  con¬ 
sists  of  a  muss  of  crystals  with  a  small  portion 
of  liquid,  comparable  to  gravel  saturated  with 
water,  the  mass  itself  or  the  inclosing  rocks  may 
bo  fissured  and  this  liquid  portion  be  squeezed 
into  the  fissures.  It  will  have  a  different  com¬ 
position  from  the  main  body  of  the  magma,  and 
it  Is  possible  that  pegmatite  and  nplite  dikes 
are  frequently  formed  in  this  wav. 

The  bosie  dikes  that  commonly  occur  in 
the  intrusive  masses  may  have  been  forced  into 
the  fissured  rock  from  deeper-seated  sources 
where  tho  basic  constituents  have  collected 
and  have  not  solidified  as  quickly  ns  the 
portions  nearer  the  surface. 

The  intrusive  bodies  of  Utah  are  bolioved 
to  have  been  affected  both  by  assimilation  and 
by  differentiation,  but  the  relative  importance 
of  these  two  processes  is  somewhat  doubtful. 

Assimilation  might  explain  the  relatively 
siliceous  character  of  tho  stocks  that  reach 
only  tho  older  strata  ns  compared  with  those 
that  penetrate  the  Carboniferous  and  later 
beds;  for  tho  older  sediments  are  dominantly 


siliceous,  whereas  the  younger  consist  in  great 
part  of  shale  and  limestone,  whose  assimilation 
would  enrich  tho  magma  in  calcium,  inugno- 
sium,  and  aluminum.  But  similar  results  may 
huvo  been  produced  bv  differentiation,  es¬ 
pecially  by  the  settling  of  heavy  crystals.  Tho 
composition  of  the  original  magma  in  a  single 
intrusive  body  should  bo  most  nearly  repre¬ 
sented  bv  the  material  that  crystallized  earliest. 
Solidification  would  take  placo  first  in  dikes, 
then  in  the  apices,  the  peripheral  parts,  and 
the  minor  projections  of  the  mugma  chamber. 
In  the  central  mid  lower  parts  of  tho  chamber 
the  magma  would  long  remain  liquid  and  sub¬ 
ject  to  differentiation  hy  the  sinking  of  crystals 
of  the  ferromagnesium  minerals  and  calcic 
feldspar,  which  begin  to  soLidit'y  early  and  are 
much  heavier  than  tho  inclosing  magma.  The 
magma  would  thus  become  progressively  more 
siliceous  and  alkaline  and  poorer  in  iron, 
magnesia,  and  lime. 

Of  two  entirely  soparate  intrusive  bodies 
j  that  were  similar  in  composition,  depth,  und 
'  extent  of  truncation,  tho  larger  would  have 
remained  liquid  longest  and  its  basic  crystals 
would  have  settled  in  greater  quantity;  the 
portion  of  it  likely  to  be  exposed  by  erosion 
would  be  more  siliceous  than  t  ho  corresponding 
portion  of  the  smaller  stock.  Again,  of  two 
wholly  similar  bodies  whose  walls  diverged 
downward,  as  appears  to  be  usual,  the  one 
most  deeply  eroded  would  appear  to  be  both 
larger  and  more  siliceous  than  the  other. 

The  settling  basic  crystals  should  of  course 
accumulate  in  depth,  and  would  possibly  be 
re-fused  to  form  a  basic  magma. 

Tho  facts  of  observation  harmonize  with 
this  hypothesis.  Tho  rocks  of  tho  dikes  and 
small  bodies  are  generally  moro  basic  than  the 
main  bodies  with  winch  they  are  connected, 
and  ot’  separate  bodies  belonging  to  a  single 
group  the  larger  are  in  goncral  the  more  sili¬ 
ceous.  No  large  bodies  of  basic  rock  have 
been  found,  but  this  may  be  because  erosion 
has  not  reached  them;  tho  hyootheticnl  deep- 
lying  magma  may  bo  represented  by  tho  basic 
dikes  that  nro  associated  with  many  of  the 
stocks. 

Tho  diflerences  of  composition  observed  in 
the  stocks  are  believed  to  be  duo  in  greater 
measure  to  differentiation,  probably'  by  the 
settling  of  basic  crystals,  than  to  assimilation, 
because  compurativoly  little  direct  evidence  of 
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Assimilation  has  been  observed  and  because 
die  differentiation  hypothesis  explains  the. 
facts  more  fully. 

Tho  hearing  of  differentiation  m  igneous 
bodies,  on  the  deposition  of  ores  is  discussed 
on  pugo  1 9S. 

RELATIONS  OF  EXTRUSIVE  AND  INTRUSIVE 
ROC1IS. 

The  relation  of  the  intrusive  and  extrusive 
rocks  is  not  everywhere  clear.  In  some  areas 
extrusion  was  followed  by  intrusion,  in  others 
intrusion  appears  to  have  come  first,  and  in  still 
others  tho  two  appear  to  have  been  essentially 
contemporaneous. 

Boutwell  and  Woolsey  consider  that  the 
extrusion  of  the  large  body  of  andesite  occupy¬ 
ing  the  depression  between  the  Wasatch  and 
Uinta  ranges  was  later  than  the  intrusions  of 
the  Wasatch  Range.  The  evidence,  however, 
is  not  entirely  conclusive,  and  that  these 
authors  consider  that  the  two  were  essentially 
contemporaneous  is  indicated  by  their  descrip¬ 
tion  of  the  Clayton  Peak  intrusive  body,  as 
follows:1 

In  like  manner  the  attitude  of  the  Clayton  Peak  intru¬ 
sive  mast  and  of  the  porphyrites  in  the  sediments  suggests 
entrance  from  the  west  and  progressive  movement  east¬ 
ward  until  the  climax  was  attained  in  the  exleoaive  extru¬ 
sions  of  andesite  between  the  Wasatch  and  Uinta  ranges. 

The  chemical  relation  of  the  andesite  to  the 
intrusive  bodies,  as  shown  in  figure  8,  seems  to 
support  this  idea. 

In  the  Bingham  district  the  extrusive  rocks 
are  probably  the  later,2  but  the  opportunities 
for  observing  the  relations  are  very  meager. 
In  the  Tintic  district 3  the  main  intrusive 
bodies  are  later  than  the  rhyolite  and  tho 
earlier  andesite  and  are  contemporaneous  with 
the  latest  latites  and-  andesites.  In  the  Tushur 
Range  tho  intrusive  rocks  ar  e  later  than  a  part 
of  the  exteusives.  Basalts,  however,  are  latest 
of  all,  and  some  of  the  rhyolito  may  bo  later 
than  the  intrusive  rock.  In  the  Mineral  Range 
the  relations  have  not  been  determined,  but 

1  Boutweli,  J.  M.,  and  Woolsoy.  L.  H.,  Geology  end  ore  deposits  of 
K)t2P*r1'  dlstrIct’  O' tail:  U.  S.  Gcol.  Survey  IVof.  Paper  77,  p.  (57, 

1  Boutwell  j,  if  Economic  geology  of  tho  Bingham  mining  district, 
s*  Cool.  Survey  Pro I.  Paper  38,  p.  »,  1805. 

.  Twcr>  G-  and  Smith,  O.  0.,  Cecl-yy  and  mining  Industry  of 
the  ratio  district,  Uuh:  V.  S.  GcoJ.  Survey  Nintocnlh  Ann.  Rc.pt., 
Pt-  3,  p.  657,  isoo.  Also  Undgron,  Wnl.femar,  and  Loughlin,  0.  F., 
'  and  oro  deposit*-  of  tho  TUilio  mining  district:  CT.  S.  Gcol.  Sur- 
T<7  Prof.  Paper  107,  p.  70,  1918. 


farther  west-  in  (he  Roc  lev,  Beaver  Lake,  and 
San  I'ranciseo  ranges  the  main  intrusive  bodies 
are  believed  to  be  later  than  most  of  the 
cxlrusives.  In  the  Iron  Springs  district  Leith 
and  Harder  consider  that  the  intrusive  rocks 
are  earlier  than  the  extrusive  ones,  but  (see 
p.  571)  it  seems  possible  to  interpret  the  rela¬ 
tions  to  mean  the  opposite.  Farther  west  in 
Utah  the  intrusive  and  extrusive  rocks  have 
hut  rarely  been  observed  in  contact  and  their 
relation  has  nowhere  been  definitely  deter¬ 
mined. 

It  thus  seems  very  probable  that  most  of  the 
igneous  rocks  represent  one  long  general  epoch 
of  igneous  activity,  during  which  both  intru¬ 
sion  and  extrusion  occurred.  Whether  this 
appties  to  the  igneous  rocks  near  the  Western 
border  of  the  State  is  not  known. 

AGE  OF  IGNEOUS  ROCKS. 

The  principal  volcanic  areas  of  Utah  lie 
almost  midway  between  the  Pacific  coast 
region,  in  which  tho  intrusive  rocks  oro  of  late 
Jurassic  or  early  Cretaceous  age,  and  tho 
Rocky  Mountain  area,  in  which  the  inonzonitic 
and  allied  intrusives  are  of  Tertiary  age. 

Workers  in  Nevada  have  generally  con¬ 
sidered  the  large  intrusive  bodies  to  bo  of  the 
same  age  as  those  of  the  Sierra  Nevada  region, 
namely,  late  Jurassic  or  early  Cretaceous.  The 
intrusive  bodies  of  the  Plateau  region  and 
several  of  those  of  the  eastern  part  of  the  Great 
Basin  region  in  Utah  arc  with  considerable 
assurance  assigned  to  the  Tertiary,  and  may  be 
correlated  with  the  intrusives  of  the  Rocky 
Mountain  region  rather  than  with  those  of  the 
coast  region.  In  western  Utah,  whero  sedi¬ 
mentary  formations  later  than  Carboniferous 
are  absent,  there  are  usually  no  definite  dnta 
for  determining  whether  the  intrusive  rocks 
should  be  correlated  in  age  with  tho  rocks  on 
the  east  or  with  those  on  the  west. 

The  time  of  volcanic  activity  in  the  State  is 
perhaps  most  definitely  determined  for  the 
High  Plateau  region.  Of  this  Dutton  says:4 

Tile  oldest  eruptions  go  back  to  middle  Eocene;  the 
latest  can  not  be  a a  old  as  the  Christian  era.  It  is  hard 
to  believe  that  they  are  as  old  as  the  conquest  of  Mexico 
by  Cortez.  Between  the  opening  and  ceawtiion  of  that 
activity  (if,  indeed,  it  has  even  yot  ceased  forever)  the 
eruptions  have  been  intermittent. 

»  Dutton,  0.  K.,  Report  on  the  pwltyy  ot  tho  Mfih  ptat-non  ot  Limb, 
p.  55,  D.  S.  GcOR.  noil  Gcol.  Survey  Rocky  Mtu.  Region,  ISO. 


100 


ORE  DEPOSITS  OF  UTAH. 


Thoro  is  little  doubt  that  the  extensive 
liclds  of  luva  extending  westward  from  the 
High  Plateau  into  Nevada  are  essentially  con¬ 
temporaneous  with  those  of  the  plateaus,  and 
tho  flows  in  other  parts  of  the  State  are  prob- 
ably  also  of  essentially  the  same  age,  though 
tho  ovidence  is  less  conclusive.  Several  of 
tho  intrusive  bodies  of  the  State  are  contem¬ 
poraneous  with  tho  flows  (see  p.  99),  and  it  is 
believed  that  this  is  true  for  all  those  lying 
along  the  eastern  margin  of  the  Great  Basin. 
Whether  it  is  true  of  the  intrusive  bodies  near 
the  western  border  of  the  State  is  not  known. 

Volcanic  activity,  therefore,  apparently  broke 
out.  in  early  Tertiary  timo,  and  both  extrusion 
and  intrusion  continued  through  middle  and 
late  Tertiary  into  recent,  timo,  the  latest 
basaltic  eruptions  having  taken  place  onty  a 
few  hundred  years  ago. 

STECCTURE. 

Arehean  rocks  arc  exposed  in  only  relatively 
small  areas,  and  data  are  not  available  for  the 
discussion  of  their  complex  structural  history. 
The  following  description  of  the  structure  is, 
therefore.,  confined  to  rocks  younger  than  Ar- 
choan.  Tho  positions  and  relations  of  the  major 
structural  features  arc  shown  in  Piute  XI. 


FOLDS. 


Folding,  though  loss  conspicuous  than  fault¬ 
ing  in  most  ports  of  Utah,  is  yet  of  importance. 
It  nppours  to  he  greatest  in  a  north-south 
zono  that  extends  across  the  State,  along  the 
l>oumlary  of  the  Basin  and  Plateau  provinces. 
In  this  zone  the  pre-Tertiary  rocks  have  been 
thrown  into  a  series  of  folds,  most  of  which 
strike  north-south  but  some  of  which  strike 
from  nearly  northwost-southoast  to  consider¬ 
ably  east  of  north. 

In  southeastern  Idaho  1  and  southwestern 
Wyoming,®  in  the  uorthern  continuation  of 
tliis  belt,  the  folds  aro  close,  in  many  places 
overturned,  and  are  associated  with  extensivo 
thrust  faulting.  To  the  south  the  folds  aro 
more  opon  and  the  thrust  faulting  is  less  im¬ 
portant,  and  south  of  tho  southern  Wasatch 
both  folds  and  faults  have  largclv  died  out. 
though  open  folding  is  recognized  much 


•  C  '  R.  W.,  wd  Mfln*fie|d,  a.  R.(  Tho  Banna*  omthnwl 
nor'httewn’  Jour.  CecloK 

*Vrr- n  flC'r^Tphv  <“d  ******  01  *  0  tool 

"  50llnB-  u- 8-  s  >rv«y  rpj!.  Paprr  56,  p.  us,  1407. 


farther  to  the  south.  It  is  probable  that  tho 
folds  that  nnteduto  tho  Tertiary  rocks  of  tho 
High  Plateau3  were  produced  at  the  samo 
time  as  these  folds.  In  tho  southern  part  of 
tho  State,  over  a  width  of  several  miles,  from 
St,  George  nearly  to  Cedar  City,  a  series  of 
north-south  open  anticlines  and  synclines, 
with  local  overturning  of  the  folds,1  is  con¬ 
spicuous. 

DOMICAL  UPLIFTS. 

Broad  uplifts  consisting  of  an  anticlinal 
folding  or  doming  of  the  rocks  are  of  prime 
importance  in  Utah.  Thoso  uplifts  may  be 
separated  into  those  that  show  a  distinct  trend 
and  thoso  that  show  no  marked  trend.  Among 
those  with  a  distinct  trend  are  the  great  east- 
west  Uinta  uplift  and  its  westward  extension 
through  the  Wasatch  and  Oquirrh  ranges,  the 
similar  but  lesser  uplift  of  the  Raft  River 
Range  in  the  northwestern  part  of  the  State, 
and  the  less  clearly  defined  cast-west  uplift,  in 
the  lutitudo  of  tho  Tintic  and  Deep  Creek 
ranges,  in  which  pre-Cambrian  rocks  have  been 
raised  above  the  present  erosion  surface  in 
numerous  localities,  though  not  exposed  in 
the  adjacent  regions  either  to  the  north  or 
south.  (See  PI.  XI.)  This  structure  ap¬ 
parently  flattens  out  beforo  reaching  tho 
Tintic  Range.  Farther  south  a  similar  struc¬ 
tural  feature  extends  across  the  Tushar, Mineral, 
Star,  San  Francisco,  and  Wall  Wah  ranges, 
and  still  farther  south  a  series  of  domical  up¬ 
lifts,  associated  with  intrusions,  extends  north¬ 
east  and  southwest  through  the  Iron  Springs- 
Bull  Valley  region. 

In  the  southeastern  part  of  the  State  tho 
San  Rafael  Swell,  Henry  Mountains,  Abnjo 
Mountains,  and  Navajo  Mountain  show  loss 
definite  trends.  The  La  Sal  Mountuins,  how¬ 
ever,  form  the  central  portion  of  a  series  of 
northwest-southeast  folds  several  miles  long. 
The  Water  Pocket  flexure  consists  *of  an  un- 
syinmetrical  uplift,  of  which  the  eastern  limb 
dips  steeply  and  tho  western  limb  gently,  and 
along  which  the  Circle  Cliff  (Burr  Flats)  and 
Miners  Mountain  swells  aro  subsidiary  domes. 
Tho  great  Monument  Valley  uplift  cast  of  Colo¬ 
rado  River  trends  distinctly  west  of  south  from 

the  region  of  the  Abajo  Mountains  into  Arizona, 

1  Dili'. an,  C.  K.,CvoIogy  of  tho  high  plateaus  of  Utah,  p.  44, U. 8, 
sikI  <>ol.  Survey  Rocky  lun.  Rcgjor.,  !y<), 

•  The  Hurried  no  fault  In  the  Toqucrvilld  district,  Utah;  Harvard  Colt 
Mas.  Comp.  Zoo!.  Dull.,  veil.  42,  p.  233,  pin. 
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and  tho  Henry  Mountains  group  trends  dis- ! 
tiuctly  southeast.  The  San  Rafael  Swell  is 
less  definite,  though  tho  sharp  eastern  flexure, 
its  most  conspieuous  structural  feature,  trends  | 
northeasterly,  as  does  also  tho  general  elonga¬ 
tion  of  tho  swell. 

In  tho  western  part  of  tho  State  faulted 
domes  that  are  in  many  respects  similar  to 


Fwuk:*  9. — Relation  of  tho  rocks  on  opposite  sides  of  a  vevenso  fault. 


the  smaller  domes  of  eastern  Utah  are  present 
at  Ophir,  in  tho  Oquirrh  Range,  and  near  the 
American  Fork  Canyon,  in  the  Wasatch  Range. 

FAULTS. 

Faults  are  important,  both  in  their  relation 
to  large  topographic  features  and  to  metallifer¬ 
ous  and  other  mineral  deposits. 

For  convenience  in  description  they  may  bo 
separated  into  revorso  or  overthrust  faults, 
which  resulted  from  compression  that  broko  the 
rocks  and  pushed  ono  portion  over  the  other 
(fig.  9),  and  normal  faults,  which  resulted 
from  areal  extension  that  broke  tho  rocks  and 
allowed  one  portion  to  slip  down  past  the 
other  (fig.  10).  Reverse  and  normal  faults 
are  commonly  if  not  invariably  of  different 
ages. 

REVERSE  AND  OVERTHRUST  FAULTS, 

Tho  reverse  and  ovorthrust  faults  are  largely 
confined  to  the  areas  of  rather  close  folding  and 
to  areas  adjacent  to  igneous  intrusions.  Like 
the  close  folds  they  are  most  abundant  north  of 
Utah  in  Idaho  and  Wyoming  but  extend  south¬ 
ward  iato  Utah.  One  has  been  traced  for 
many  miles  nearly  due  south  from  Bear  Lako, 
and  others  have  been  recognized  in  the  W osatch 
Range,  notably  between  Willard  and  Ogden, 
•n  the  Cottonwood-Park  City  region,  in  the 
West  Butte  mining  district,  and  as  far  south 
as  Mount  Nebo.  Little  detailed  geologic  work 
bus  been  done  in  the  Wasatch  Range  and  thoro 
is  little  doubt  that  ovorthrust  faults  are  more 
abundant  there  than  is  at  present  known. 


Locally  reverse  or  overthrust  faulting  has 
resulted  fronUhc  pushing  asido  of  earlier  rocks 
to  make  room  for  tho  stocks.  Such  faulting 
has  been  recognized  in  the  Park  City  and  Little 
Cottonwood  districts  and  is  probablypresent  in 
other  localities. 

NORMAL  FAULTS. 

Normal  faults  are  very  abundant  in  Utah  and 
many  of  them  are  remarkable  for  the  scores 
and  even  hundreds  of  miles  that  they  can  ho 
traced  and  for  thou  groat  vortical  displacement. 
(See  PI.  XL)  Many  if  not  all  of  the.  runges 
of  western  Utah  are  believed  to  bo  outlined 
by  them,  and  further  east  they  are  strongly 
mnrked  by  such  physiographic  features  as  tho 
great  Hurricane  scarp. 

In  general,  displacement  has  apparently  been 
less  in  the  eastern  than  in  tho  western  part  of 
the  State.  In  the  faults  associated  with  the 
Busin  Ranges  it  is  commonly  large;  in  tho 
Plateau  region  it  is  far  less  noticeable,  some 
folds  passing  into  monoclinal  flexures,  the  dis¬ 
placement  not  having  been  sufficient  to  cause 
actual  rupture.  In  some  places  this  failure  to 
break  may  have  been  due  to  the  character  of 
the  rock,  for  shales  are  far  more  prevalent 
in  the  Plateau  region,  but  there  can  be  little 


Fkjurk  10.—  Rotation  of  the  rocks  on  opposite  shies  of  .1  normal  fault. 


doubt  that  the  displacement  in  general  de¬ 
creases  toward  the  east. 

TREND. 

Most  of  the  faults  trend  generally  south 
(see  Pi.  XI)  but  finally  swing  westward,  paral¬ 
leling  the  boundary  between  the  Plateau  and 
Basin  provinces,  which,  indeed,  is  mainly  deter¬ 
mined  by  faults. 

In  the  western  part  of  the  Plateau  province 
the  faults  converge  toward  the  north  and 
diverge  toward  the  south.  Dutton  1  has  called 
attention  to  this  convergence,  stating  that 
"several  of  the  grunder  faults  at  length  become 

•  Opcll.,  p.  27. 1*0. 
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merged  into  one  vast  monoolinal  flexure,  form* 
ing  the  western  Hank  of  the  Wasatch  1  lutcau. 

It  seems  not  improbable  that  the  grout  dis¬ 
placement  represented  by  the  W  asatch  fault 
to  the.  north  is  distributed  among  several  faults 
farther  to  the  south. 

East-west  normal  faulting  is  far  less  con¬ 
spicuous  than  north-south  faulting  but  is 
important,  especially  in  the  Basin  province. 
Where  these  east- west  faults  cross  the  rnnges 
they  show  large  displacements,  as  in  the  San 
Francisco  Range,  where  a  thick  scries  of  lavas 
are  thrown  against  early  Paleozoic  sediments, 
the  relatively  dopressed  block  being  to  the 
south.  A  similar  relation  exists  in  the  Mineral 
Range.  Detailed  work  in  the  Basin  Ranges 
of  Utah  will  doubtless  show  the  east-west  faults 
to  be  rather  abundant. 

RELATIONS  OF  TILE  DIFFERENT  STRUCTURAL 
TYPES. 

The  relations  of  the  different  structural  types 
are  not  everywhere  clear,  but  viewed  as  a 
whole  the  sequence  ol  events  appears  to  he 
rather  definite. 

The  north-south  folds  are  with  little  doubt 
the  earlier  and  are  contemporaneous  with  the 
overthrust  faulting,  both  having  resulted  from 
the  forces  tending  to  compress  the  area  in  an 
cast-west  direction.  East-west  uplifts  like  the 
Uinta  uplift  are  younger  than  the  north-south 
folding  and  overthrust  faulting,  as  is  shown 
by  the  fact  that  those  structures  oro  affected 
where  crossed  by  the  extension  of  the  Uinta 
uplitt  in  the  Wasatch  Range.  East-west  uplifts 
further  south  than  the  l  intn  Range  are  less 
conspicuously  connected  with  the  north-south 
folds,  but  in  the  Sun  Francisco  Range  at  lenst 
tho  evidence  shows  that  they  are  the  younger. 

The  relation  of  the  domical  uplifts  in  south¬ 
eastern  Utah  to  the  cast-west  uplifts  farther 
west  has  not  been  established.  Both,  how¬ 
ever,  were  connected  with  igneous  activity, 
which  gives  some  reason  for  supposing  thut 
they  were  essentially  contemporaneous. 

That  the  normal  faults  arc  the  latest  impor¬ 
tant  structural  fcaturcof  the  region  is  repeatedly 
shown  by  their  cutting  across  the  other  struc¬ 
tures.  Thus  many  faults  outlining  the  Basin 
Ranges  cut  across  the  folds  in  those  ranges. 
The  great  Wasatch  fault  crosses  the  westward 


extension  of  the  Uinta  uplift,  and  other  faults, 
notably  those  of  the  Mineral  and  San  Francisco 
ranges,  cross  the  Tushur-San  Francisco  uplift. 

AU  normal  faidts  are  not  of  the  same  ngc, 
and  not  a  few  of  them  have  been  the  locus  of 
repeated  movements.  Normal  faulting  began 
some  time  after  the  folding  and  east-west 
uplifts  anil  is  probably  still  in  progress  along 
some,  of  the  faults. 

OEOLOG1C  ARE  OF  STRUCTURAL  FEATURES, 

The  geologic  age  of  many  of  the  structural 
features  is  difficult  to  ascertain,  owing  to  the 
absence  over  a  large  part  of  the  region  of  tho 
later  sedimentary  rocks.  This  is  especially 
true  in  the  Great  Basin  region  in  Utah  where, 
for  the  most  part,  there  are.  no  well-exposed 
sedimentary  formations  between  Paleozoic 
and  Recent. 

That  changes  in  the  level  of  the  land  were 
frequent  throughout  Paleozoic  time  is  indicated 
by  different  thicknesses  of  the  formations, 
showing  deposition,  nondeposition,  and  erosion. 
The  slightness  of  the  angular  unconformities 
in  the  sedimentary  rocks  throughout  the 
Paleozoic  and  Mesozoic  in  Utah  suggests  that 
the  changes  that  occurred  through  these  eras, 
especially  in  the  central  purt  of  the  State,  were 
in  tho  nature  of  low  domings  and  did  not  in¬ 
volve  important  folding  or  faulting.  The 
north-south  folds  and  overthmst  faults  in¬ 
volved  Cretaceous  and  probably  early  Tertiary 
rocks  and  are  believed  to  have  been  formed  in 
post-Cretaccous  or  early  Tertiary  time.  In 
Utah  the  early  Tertiary  rocks  are  apparently 
less  intensely  folded  than  the  Cretaceous.  In 
most  of  the  Basin  Ranges  the  Mesozoic  sedi¬ 
ments  are  absent,  and  it  is  therefore  impos¬ 
sible  by  direct  evidence  to  determine  the  age 
of  the  folding  closer  than  post-Carhoniferous. 
It  is  possible,  therefore,  that  some  of  the  fold¬ 
ing  occurred  at  the  time  of  the  uplift  at  the 
dose  of  the  Carboniferous  or  that  the  great 
post-Jurassic  upheaval  along  the  Pacific  coast 
affected  the  rock  ns  far  east  as  Utah  nnd  that 
some  of  the  folding  is  to  be  ascribed  to  that 
period.  However  this  may  be,  all  the  folds 
whose  age  can  be  rather  definitely  determined 
were  formed  during  the  post-Cretaccous  uplift) 
and  there  is  no  recognized  evidence  that  tho  fokls 
whose  age  has  not  been  determined  were  not 
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of  the  same  period.  Ransome 1  has  reviewed 
the  evidence  of  this  folding,  and  concerning 
tho  much  discussed  question  of  its  age  be  says: 

Toward  the  close  of  Cretaceous  time,  the  oscillations 
recorded  in  the  character  of  the  Laramie  sediments  indi¬ 
cate  the  approach  of  diasiruphic  conditions.  In  tho 
northern  section  of  the  Rocky  Mountain  region,  the  prin¬ 
cipal  deformation  appears  to  have  taken  place  at.  the  close 
of  the  Fort  Union:  along  the  eastern  side  of  the  Front 
Range  in  Colorado  the  decisive  movement  has  heeti  inter¬ 
preted  as  having  taken  place  at  the  close  of  the  r.arainio 
and  before  tho  deposition  of  the  Arapahoe  beds.  At  the 
.With  end  of  the  Rocky  Mountains  strong  unconformitiea 
have  been  described  both  above  and  below  the  Nacimiesto 
group,  which  menus  that  notable  deformation  and  erosion 
occurred  at  tho  close  of  tho  Cretaceous  and  again  just 
before  the  deposition  of  the  Wasatch  Eocene.  In  the 
northwestern  part  of  the  Park  Range  Province,  there  was 
uplift  and  vigorous  erosion  at  the  close  of  tho  Cretaceous 
and  renewed  uplift  after  the  deposition  of  the  Wneatoh 
and  Green  River  beds 

Apparently  the  movements  of  the  Laramide  revolution 
were  not  of  tho  same  intensity  in  all  parte  of  the  Laramide 
system  at  the  same  time,  and  the  accurate  correlation  of 
these  movements  is  still  a  work  for  the  future  requiring 
much  more  detailed  and  comprehensive  study  than  has 
yet  been  given  to  this  problem.  It  is  clearly  not  safe  to 
nesunie  that  an  unconformity  observed  in  any  one  locality 
in  this  vast,  province  is  indicative  of  movement  provincial 
in  its  extent. 

The  boundary  between  t  he  Basin  and  Plateau 
provinces  in  general  also  marks. the  boundary 
between  tho  Cretaceous  areas  of  erosion  and 
sedimentation,  and  it  is  perhaps  significant  that 
the  most  folding  and  thrust  faulting  occurred 
in  this  zone. 

The  ago  of  domical  uplifts  later  than  tho 
folds  is  not  very  closely  ascertained,  and  in¬ 
deed  they  may  not  all  have  occurred  at  the 
same  time.  They  were  evidently  closely  asso¬ 
ciated  with  the  igneous  activity  of  the  region, 
which  has  probably  been  in  progress  from  early 
Tertiary  to  Recent  time. 

The  intrusions  of  the  Park  City  and  Little 
Cottonwood  districts  are  believed  by  Boutwell 
to  have  occurred  in  early  Tertiary,  and  the 
Uinta  uplift  is  probably  contemporaneous  with 
these.  Some  of  the  intrusions  farther  south 
with  which  the  uplifts  are  associated  are 
notably  younger,  for  they  cut  lavas  believed 
to  be  at  least  as  late  as  middle  Tertiary. 

Tho  ago  of  the  domical  uplifts  in  the  south¬ 
eastern  part  of  the  State  is  not  easy  to  deter¬ 
mine  closely.  They  are  post-Cretaceous,  and 

1  Ransome,  F.  l„,  Tin,  Ternary  orogeny  ol  the  North  America  Cor- 
dlllcra  and  Its  problems:  Problems  of  American  geology,  pp-  360-301, 
t9U. 


most  investigators  have  regarded  them  as 
probably  early  to  middle  Tertiary,  though  the 
evidence  for  fixing  tho  date  closer  than  post- 
Cret  aceous  is  very  meager. 

Normal  faulting  has  continued  over  a  long 
period  and  the  time  of  its  beginning  is  uncert  ain. 
It  has  been  important.,  in  very  recent  time,  as 
is  shown  by  Gilbert  2  for  the  Wasatch  Range, 
and  is  suggested  by  hanging  valleys  in  tho 
Sheeprock  Range.  (See  PI.  XII.)  It  is  also 
indicated  for  some  of  tho  ranges  of  southern 
Utah  by  recent  earthquakes,  notably  by  that  of 
November,  1901,  which  affected  the  area  along 
the  border  of  the  Plateau  and  Basin  Range 
provinces  in  southern  Utah.  The  Weather 
Bureau  says  of  this  earthquake:  "On  the  night 
of  November  13  (1901),  Utah  experienced  the 
most  severe  earthquake  that  has  occurred  since 
its  settlement.  The  area  affected  by  this  dis¬ 
turbance  can  bo  inclosed  by  a  triangle  of  which 
the  southern  boundary  of  the  State  is  the  base 
and  Salt  Lake  City  the  apex.  The  shock  wits 
quite  severo  over  an  nren  comprising  Sevier, 
Wayne,  Garfield ,  and  the  eastern  portion  of  Juab, 
Millard,  and  Beaver  count  ies.”  The  evidence  is 
convincing  that  normal  faulting  took  place  in 
Recent  and  late  Tertiary  time,  though  at  what 
time  in  the  Tertiary  it  hegan  is  unknown. 

ORIGIN  OF  TT1E  STRUCTURAL  FEATURES. 

NORTH-SOUTH  FOLDS  AND  OVERTHRUST  FAULTS. 

That  the  north-south  folds  and  overthrust 
faults  were  produced  by  pressure  from  tho 
west  that  tended  to  compress  the  rogion  is  in¬ 
dicated  by  the  attitude  of  the  folds  and  the 
direction  of  most  of  tho  overthrusts.  Ran¬ 
some,3  who  has  recently  discussed  the  hypothe¬ 
ses  offered  in  explanation  of  Cordillernn  Moun¬ 
tain  structure,  says: 

Ir  has  been  a  rather  widely  held  tend  among  geologists 
that  moat  of  tlio  great  mountain  ranges  of  the  globe  have 
been  formed  by  thrust  from  the  nearest  ocean  basin,  the 
classic  example  being  the  Appalachians.  It  has  been 
believed  by  many  (hat  the  Laramide  system  is  catentially 
Pacific  in  origin  and  that  the  deformation  which  gave  it 
birth  was  the  consequence  of  interaction  lietween  tho 
Pacific  Basin  and  the  continental  margin.  Paly,  as  pre¬ 
viously  noted,  maintains  this  view,  which  was  also  I btlt 
of  G.  M.  Dawson.  '  *  *  Keeping  fully  in  mind  the 
speculative  and  tentative  nature  of  the  suggestion,  we 
may  suppowi  that  iu  Cretaceous  lime  the  Cordillcran 

J  (JUbcrt,  <!.  K.,  Lake  Bonneville:  U.  S.  Ocol.  Survey  Non.  1, 1830. 

»  0(1.  clt.,  p.  3W. 
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_  risinK  aI„,  ™  being  eroded.  lu  am.ni-  of  igneous  forces.  Its  general  character,  W 
"uihe  general  principle  enunciated  by  Sucm  and  ever>  i9  rather  strikingly  similar  to  that  of  the 
rhmXriin.  the  wing  mass  probably  had  a  lewknry  l<>  Rflft  Rivor  Range,  where  the  uplift  was  very 
,prw]  htottlly.  particularly  to  the  cost  ^hero  eedr.n-r.^  evidenLl  nSSOCiated  with  igneous  activity, 
hail  previously  accumulated  to  ^ ^  The  stocks,  like  tho  laccolithic  bodies,  offer 

(ho  1.^0  position  of  the  Ure-  abundant  ovidenco  that  tho  material  forming 

Tcn'l'liuid  For  a  time,  as  Chamberlin  1  has  pointed  t{lenl  was  under  pressure  sufficient  to  cause 
outjhtt effact  of  this  creep  *f  tUc  protulicnint  mass  would  j0(JBj  doraing  und  overthrust  or  reverse  fault- 
to  lu  favor  w-’dimontai  ion  by  pushing  tho  «ca  shelf  out  wan  ^  The  discussion  of  the  ultimate  cause  of 

“nf  conoJoed  r’JriTtance  this  injection  force  would  lead  far  into  tho 

rSVad  would  dirnininh  Erokm,  by  cutting  field  of  speculation,  hut  it  is  at  least  reasonably 
down  live  land,  would  tend  to  delay  the  final  dinstrophic  Mrtnal  tfiat  nt  tile  time  of  tho  domical  uplifts 
event,  but  deposition.  tho  cu« [dement  of  eros-.on,  would  jjitrasion  ,<ortain  forces  were  tending  to 

tend  to  hasten  it  Finally,  if  the  forces  causing  the  Lho  ro„ion. 

....  .  I...J _ _  »  .».i  Uv  iiiat.  Ml  much  as  ™lau  l>u*'  lve>lv,,u 


nplill  id  ihe  laud  area  were  relaxed,  by  just  so  much  as 
the  underlying  support  of  ’he  protuberant  arch  was 
|ww,Ilf,|  »muld  thrusting  stresses  accumulate  along  the 
l.mJvn  of  the  land  mass.  Relief  of  these  presumably 


formal  faults. 


Crm-  ''S  onh^pr.n^b,y !  Two  explanations  for  the  normal  faults 
wn«W  be  aecompliahed  by  a  thrusting  forward  of  Ihe  land  have  been  offered.  One,  advanced  first  by 
mm  -..•aiust  the  sediment*  to  the  east,  the  crumpling  of  Qhhert 2  and  adopted  by  numerous  other 
lho*'  into  folds,  and  their  further  deiormatiun  by  thrust  WTjtors  supposes  that  tho  region  was  broken 

•IridW  WnUTb/ c.ll.p*  «n<i  itoriwdnWne  ot  Ih.  mlo  a  88r.es  of  block,  by  verted  pressure 
imperfectly  supported  Cretaceous  continent  and  by  from  below.  Gilbert  considers  that  tins  might 
normal  faulting  behind  tho  overt hrusts.  be  brought  about  by  a  deep-seated  force  that 

Many  of  the  domical  structures,  as  already  would  fold  tho  deeply  buried  rooks  and  fault 
indicated,  tiro  visibly  closely  associated  with  those  near  the  surface. 

bodies  of  intrusive  rocks,  and  such  an  associa-  Ihe  other  explanation,  advanced  first  by 
lion  is  probable  in  others  where  the  intrusive  Le  Conte  3  and  also  adopted  by  others,  sup- 
bodies  tire  not  exposed.  It  is  not  everywhere  en-  poses  that  the  faulting  has  resulted  from  a 
tirely  clear.  however,  whether  the  domes  were  the  settling  and  collapse  of  the  region,  which 
result  of  the  forcible  injection  of  material  with  a  caused  it  to  break  into  blocks  that  settled 
consequent  raising  of  the  overlying  rocks  or  to  irregularly.  I,o  Conte  supposes  that  tho  region 
aomo ot  her  cause  which  relieved  the  pressure  and  was  raised  by  volcanic  forces  and  that  when 
permitted  the  igneous  material  to  enter.  The  this  upward  pressure  was  relieved  by  the  ex- 
Henry  Mountains  seem  to  offer  no  escape  from  trusion  of  vast  amounts  of  lavu,  the  weight  of 
the  conclusion  that  their  mjectod  material  was  which  was  added  to  tho  overlying  portion, 
under  sufficient  pressure  to  lift  tho  overlying  subsidence  of  the  whole  region  occurred, 
sediments,  as  has  been  pointed  out  by  Gilbort.  Ronsome,*  who  has  recently  reviewed  tho  evi- 
Tho  La  Sul  Mountains,  however,  though  in  denee  on  this  subject,  agrees  with  Le  Conte 
most  respects  similar  to  the  Henry  Mountains,  that  the  structures  were  produced  by  a  col- 
are  near  the  center  of  a  series  of  northwest-  lapse  of  the  region  rather  than  an  elevation, 
southeast  folds  (see  PI.  XI,  p.  100),  wliich  sug-  but  sees  no  reason  for  supposing  that  any  ele- 
gest  lateral  compression  and  may  have  been  vation  by  voloanic  forces  preceded  tho  col- 
a  factor  in  the  intrusion,  though  there  can  be  j  lapse.  The  writer,  in  accounting  for  the 
liltlc  doubt  that  tho  intrusive  force  was  very  |  structure  in  the  Son  Finn  cisco  region, 1  bases 
gW'd.  Likewise  in  the  oast-west  zones  of  uplift  an  explanation  similar  to  that  of  Le  Conte  on 
and  intrusion  it  is  possible  that  the  uplift  may  the  effect  of  intrusions  and  extrusions  which 
have  beep  primarily  due  to  pressure  at  righ  t  angles  apparently  accompanied  the  east-west  uplift 
to  the  trend,  and  that  the  starting  of  the  up-  - - - 

lift  iniiv  v*  vtt«  -  i  ti  1  .•  f  .  »  Report  on  tho  geology  of  portions  of  Nevada,  Utah,  Collfomta, 

)  Iiave  determined  the  locution  of  tho  AiUoam:  U.  8.  (k*og.  rind  Gcol.  Surreys  w.  lOOtli  Her.  Kept.,  vol* 3, 

intrusive  bodies.  The  Uinta  uplift  (except  in  tho  pt*  i,  p. «,  w». 

western  nvfAnoinu\  .  •  «  *L$Cout«,JoeCph,  On  thoorigiiiofncrmal  faults  Dad  of  the  structure 

\ka  1011 )  -hows  110  surface  OVldeUCO  uftho  Ba>Lnr«ffioii:  Am.  Jour.  ScL  ad«>r.  rol  -tX  nn.257-2ti3.lSSP. 


El 


o  iumf^llu>  C  i  niMtroplUsm  nad  defornntive  processes:  Jcur. 
at,  p.  5SS,  l«3. 


*  Conte,  Joseph,  On  the  origin  of  normal  faults  aad  of  tho  structure 
of  tho  region:  Am.  Jour.  Sci^ad  **r.,  vol.3$,  pp.  257-2S3, 1SSP. 

•  Run  so  me,  F.  L.,  op.  ctt.,  p.  3*3, 

4  Butler,  B.  S„  Ccolopy  aud  oro  doporits  of  tho  Son  Francisco  and 
adjacent  districts,  Utah.  U.  S.  G<*ol.  Survey  Prof.  Paper  #0,  p.27,  1013. 
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shortly  before  the  faulting.  The  smaller  up¬ 
lifts  (domes)  may  well  have  been  formed 
after  the  forces  that  had  raised  the  general 
region  had  reached  n  maximum,  and  the 
breaking  through  of  the  igneous  material  into 
tho  upper  strata  and  out  to  the  surface  hud 
inaugurated  a  collapse. 

That  tho  normal  faulting  was  a  result  of  the 
settling  of  tho  region  seems  the  most  rational 
explanation.  Similar  structural  relations  muy 
bo  observed  on  a  pond  where  the  water  has 
drained  from  beneath  a  sheet  of  ice'.  In  set¬ 
tling,  the  ice  sheet  forms  monoclinul  folds 
which  pass  into  faults,  faults  of  small  displace¬ 
ment  come  together  in  faults  of  greater  dis¬ 
placement.  and  where  settling  is  pronounced  a 
structure  comparable  to  that  of  the  Basin 
Ranges  may  develop. 

It.  has  been  generally  recognized  by  workers 
in  the  Basin  Range  and  Plateau  provinces  that 
tho  structures  of  tho  two  areas  grade  into  one 
another  and  have  a  common  origin.  It  is 
reasonable  to  suppose  that  the  Basin  Runges 

Minerals  associate!  with  t 


Actinolite  tauiphibolc). 

Brochantite. 

Adamite. 

Brucite. 

Alunite. 

Calamino. 

Amphibolc. 

Caleite. 

And  alum  to. 

Game  tile. 

Andrwlitc  (garnet). 

Celeatitc. 

Anglosito. 

Corargyrite. 

Anhydrite. 

Cerusitc. 

ADkorite. 

Chabozite. 

Annabcrgito. 

•  Chidcunthitc. 

Apatite. 

Chalcedony. 

Aragonite. 

Ohaleocito. 

Argentitc. 

Chaleophvllitc. 

Arsenobiamite. 

Chnlcopyrite. 

Arsenopyrito. 

Chonevixite 

Aurichalcito. 

Chlorite. 

Autauito. 

Chromo  garnet  (uvarovitcV 

Axinito. 

Chromite. 

Azuritc. 

Chrysocolla. 

Barite. 

Cinnabar. 

Boaverito. 

Clinoclaaite. 

Beryl. 

Conichalcite. 

Beudeadite. 

Connellite. 

Bindbeimitc. 

Copper. 

Biotite. 

“Copper  pitch  ore.” 

Biamitc. 

Ccrkite. 

Bismuth. 

Cosalitc. 

Bismuth  inite. 

Cotunnitc. 

Bisrautite 

Covellite. 

Bixbyitc. 

Crandallito. 

Borickito. 

Cuprite. 

Bornite. 

Cuproshoelite. 

Bournonitc. 

Danburito. 

represent  tho  more  intenso  action  of  the  same 
character  of  forces  that  have  produced  the 
Plateau  structure.  If  tins  be  supposed  to  be  a 
settling  of  an  uplifted  area,  the  settling  in  the 
Basin  province  has  been  much  more  pro¬ 
nounced  than  that  in  the  Plateau  province,  a 
conclusion  which  is  in  accord  with  the  strati* 
grupliio  evidence. 

MINERALOGY.  • 

MINERAL  SPECIES. 

The  largo  number  of  metals  and  the  variety 
in  the  character  of  the  ore  deposits  of  Utah 
have  resulted  in  the  presence  of  many  mineral 
species.  Most  of  tho  met  ills  occur  both  in  min¬ 
erals  like  the  sulpirides  and  arsenides,  hi  which 
they  were  originally  deposited,  and  in  minerals 
like  tho  sulphates  and  carbonates,  formed  by 
the  oxidation  of  tho  primary  minerals. 

In  the  discussion  of  the  minerals  the  ar¬ 
rangement  in  Dana's  “System  of  mineralogy” 
is  followed,  but  an  alphabetic  list  is  givon 
below  for  convenient  reference. 
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Danbrcrite. 

Lettsomite. 

DcMcloizite. 

Leverrierite  (racewinite). 

Dias  do  re. 

Limoni  te. 

Diopaide  (pyroxene). 

Linaritc. 

Dolomite. 

Ludwigito. 

Dulrcnoyaite. 

Magnesite. 

Embolite. 

Magnesolugwigit*. 

Eaargite. 

Magnetite. 

En9tatito  (pyroxene). 

Malaeliite. 

Epidotc. 

Malan  Write. 

Erinite. 

Manganite. 

Famatinito. 

Maraud  te. 

Fluorite. 

Massicot. 

Galena. 

Melneonite. 

Garnet. 

Mercury. 

Geccronite. 

Mica. 

Gcethito. 

Mimotite. 

Gold 

Minium. 

Goalarito. 

Mixito. 

Groenockite. 

Molybdeuite. 

Gypsum. 

Molybdite. 

Hematite. 

Monliccllite. 

Heulandite. 

Muscovite  (white  mica). 

Hornblende  (ainphibole). 

Oetahecrite. 

Hydrozincitn. 

Olivenitc. 

llmenitc. 

ODotrito. 

Jamcsonite. 

Opal. 

Jarositc. 

Orpiniont. 

Kaolinite. 

Orthoclase. 

Kermcsite. 

Lead  oxy  chlorid  c(u  n  named) . 
Laumontitc, 

Pearceite. 

Peri<  lase. 

Lcadhillite. 

Phar  macosidoritc. 
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phlngopito  (maguosiau 
mica  i . 

Phoflgcnitc. 

pintadoitu. 

Plagioclase. 

Platini:  n:. 

Plumliojarosite. 

Powell  ite. 

Prouatitc. 

Pyrtugyrito. 

Pyrite. 

Pyrolusite. 

PjToniorpbitc. 

Pyroxene. 

Pyrrhotite. 

Quartz. 


Realgar. 

Rhcdochroaite. 

Rhodonite  (mang-weso  py¬ 
roxene). 

Rutile. 

Srh<pclite. 

Sccn>iitc. 

Sericite. 

Serpentine. 

Riderite. 

Silver. 

Smillwonito. 

S  pangolin*. 

Sphalerite. 

Spinel. 

Steph&oite. 


Stibnitc. 

Stclxite. 

Sulphur. 

Svlvanite. 

Talc. 

Toucan  tite. 

Tenoritc. 

Tetmhedrito. 

Thaumiwite 

Tiemnnr.ito. 

Titanitc. 

Topaz. 

Tourmaline. 

Tromolite  (anipliibole'i. 
Tunpr^-nite. 

Tvrolite. 


Tyuynmunite. 

UranwpiniUi. 

Utahito. 

Uvanite. 

Uvarovito  (chrome  garnet), 
Vanarlinito. 

Variscito. 

Vemtvianito. 

Volborthitc. 

Willemit'.' 

Wollastonite  (pyToxone). 

Wulfenitc 

Wurtzife. 

Zeunoritc. 

Zircon. 

Zoishe. 


NATIVE  ELEMENTS. 

Sulphur. — Sulphur  has  been  recognised  in  the 
oxidized  ores  in  the  San  Francisco  and  Slur 
districts  and  in  small  amounts  in  the  ores  of  the 
Tintic  and  Santaquin  districts.  It  also  occurs 
at  several  localities  where  it  is  not  associated 
with  metal  deposits,  notably  in  eastern  Beaver 
County,1  in  San  Rafael  Canyon,  on  the  east 
side  of  San  Rafael  Swell,2  near  Virgin  River 
south  of  Toquerville,  and  at  other  localities. 

Bismuth. — Native  bismuth  occurs  in  the  Clif¬ 
ton  and  Tintic  districts  and  Is  rejrorted  from 
the  Detroit  district.  It  probably  occurs  in 
other  districts  where  bismuth  minerals  are 
present. 

Gold. — Gold  has  boen  recovered  from  placers 
in  Bingham  Canyon  on  Green,  Colorado,  and 
San  Juan  rivers,  around  the  La  Sal  and  Henrv 
mount  uins,  and  to  a  slight  extent  at  other 
localities.  It  o  ecu  is  move  or  less  in  most  of 
the  lode  deposits  of  the  State  and  is  the  most 
important  constituent  in  those  of  the  Mercur, 
Park  Valley,  and  Spring  Cheek  districts,  and 
in  some  of  the  deposits  of  the  Tushar  Range, 
Gold  Springs,  State  Line,  and  Clifton  districts! 

Silver.  Native  silver  is  probably  present  in 
small  amounts  in  the  oxidized- ores  at  numerous 
localities  but  is  rarely  of  much  commercial 
importance.  It  is  reported  in  considerable 
amount,  in  some  of  tho  ores  of  the  Silver  Reef 
district,  and  it  has  been  recognized  in  ores  from 
the  Star  and  Tintic  districts. 

Copper.  Native  copper,  like  silver,  is  prob- 
ably  present  in  small  amounts  at  numerous 


bu.ur"  ;P:  — '**•  w*  V.  s.  coou  a 

o' 1 ‘.V  ln  San  '’anyon,  Utah:  I 

Oeal.  sorv»y  Dull.  S30,  |,p.  W7-0I9, 1013. 


localities,  but  nowhere  has  it,  boen  of  large 
commercial  importance.  It  has  been  noted 
from  the  San  Francisco,  Star,  Beaver  Luke. 
Tintic,  Morgan,  and  Lucin  districts. 

Mercury. — Native  mercury  is  reported  from 
several  mines  in  the  Gold  Springs  district  . 

Platinum. — Native  platinum  has  been  noted 
Ln  the  Colorado  and  Green  river  placers. 
Platinum  is  present  in  tho  copper  ores  of  the 
Bingham  and  probably  of  other  districts,  but 
whether  it  occurs  native  or  in  combination  is 
not  known. 

SULPHIDES,  SELENTDES,  TELLUHIDES,  ARSE- 
. HIDES,  AND  ANTIMONIDES 

Realgar. — Realgar,  arsenic  monosulphide, 
AsS  (sulphur,  29.9  per  cent;  arsenic,  70.1  per 
cent),  bos  been  observed  in  the  Mercur  and 
Bull  Valley  districts  and  is  probably  present 
at  other  localities. 

Orpiment. — Orpiment,  arsenic  trisulphide. 
As^S.,  (sulphur,  39  per  cent;  arsenic,  61  per 
cent),  occurs  in  tho  same  localities  as  realgar. 

Stibniie. — The  largest  deposits  of  stibnite, 
antimony  trisulphide,  Sb,S3  (sulphur,  2S.6  per 
cent;  antimony,  71.4  per  cent),  that  have  been 
developed  are  those  at  Antimony,  Coyote 
Creek,  Garfield  County.  Small  deposits  have 
been  found  in  the  Bull  Valley  district  and 
small  amounts  of  the  mineral  noted  in  the  ores 
of  the  Mercur  and  other  districts. 

Bi.fmuthinile.. — Bismu  thin  ite,  bismuth  trisul¬ 
phide,  Bi:S,  (sulphur,  18.8  per  cent ;  bismuth, 
81.2  per  cent  ),  occurs  in  coutact  deposits  in  the 
Mineral  Range  and  in  replacement  veins  in 
limestone  in  the  Clifton  and  Star  districts. 

Molybdenite. — Molybdenite,  molybdenum  di¬ 
sulphide,  MoS,  (sulphur,  40  per  cont;  molybde- 
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mini,  60  per  cent),  occurs  in  small  amount  In 
replacement  veins  in  quartz  monzonitc,  not¬ 
ably  in  the  O.  K.  mine,  Beaver  Lake  district; 
in  contact  gold  deposits  in  the  Clifton  district; 
in  disseminated  copper  deposits  in  the  Bingham 
district;  in  contact  deposits  in  the  Mineral 
Range;  and  in  veins  cutting  granodiorite  in  the 
Littlo  Cottonwood  district.  Molybdenum  min¬ 
erals  present  in  several  other  districts  have 
probably  resulted  from  the  oxidation  of  molyb¬ 
denite. 

Tungsienilc. — Tungstenitc,  WS,  (tungsten, 
75  per  cent;  sulphur,  25  per  cent).  The  only 
known  occurrence  of  tliis  mineral  is  in  the 
ores  of  the  Old  Emma  mine  of  Little  Cotton¬ 
wood  district,  where  it  is  found  in  small  amount 
in  lead-silver  ores.  It  is  one  of  the  latest  sul¬ 
phides  to  be  deposited  and  apparently  in  part 
replaces  earlier  minerals. 

Galena. — Galena,  lead  sulphide,  PbS  (sul¬ 
phur,  13.4  per  cont ;  lead,  86.6  per  cent),  is  the 
most  important  primary  lead  mineral  in  all  of 
the  lead  deposits  of  the  State, 

Argentine  ( silver  glance). — Argontite,  silver 
sulphide,  AgaS  (sulphur,  12,9  per  cent;  silver, 
87.1  per  cent),  is  important  in  the  unoxidized 
ores  of  the  Silver  Reef  district.  It  has  been 
recognized  in  the  gold-silver  veins  of  the 
Tushar  Range,  in  the  Horn  Silver  mine  of  the 
San  Francisco  district,  and  in  the  Tin  tic  dis¬ 
trict.  Possibly  the  silver  in  much  of  the  argen¬ 
tiferous  galena  is  present  as  microscopic 
argentite. 

Chalcocik. — Clialcocite,  cuprous  sulphide, 
Cu,S  (sulphur,  20.2  per  cent;  copper,  79.8  per 
cent),  is  present  in  most  of  the  copper  deposits 
of  the  State.  It  was  the  principal  copper  min¬ 
eral  in  the  Dyer  mine  in  the  Uinta  Range,  is 
important  in  the  disseminated  copper  deposits 
of  the  Bingham  district,  and  is  present  in  dif¬ 
ferent  amounts  in  other  deposits  of  the  State, 
it  usually  occurs  as  a  replacement  of  other 
sulphides. 

Sphalerite.  ( zinc  blende,  blende.,  blackjack).— 
Sphalerite,  zinc  sulphide,  ZnS  (sulphur,  33  per 
cent;  zinc,  67  per  cent),  is  the  most  important 
primary  zinc  mineral  in  the  ores  of  the  State. 
It  occurs  in  important  amounts  in  the  Park 
City,  Little  Cottonwood,  Bingham,  Stockton, 
Ophir,  San  Francisco,  and  Star  districts,  and  is 
present  in  most  of  the  others. 


Twmannite. — Tienmnnite,  mercuric  selenide, 
HgSo,  occurs  in  the  Lucky  Boy  mine  near 
Marysvule,  Utah. 

0 no) rite. — -Onofrite,  IIg(S, So),  occurs  with 
tiemanuite  in  the  Lucky  Bov  mine. 

Cinnabar. — Cinnabar,  mercuric  sulphide, 
IlgS  (sulphur,  13. S  per  cent;  mercury,  86.2 
per  cent),  occurs  in  the  gold  deposits  of  the 
Mercur  district. 

CoveTlite. — Covellite,  cupric  sulphide,  CuS 
(sulphur,  33.6  per  cent;  copper.  66.4  per  cent), 
is  abundant  in  the  copper  ores  of  the  Horn 
Silver  mine,  San  Francisco  district.  It  also 
occurs  in  the  O.  K.  mine,  Beaver  Lake  district, 
in  the  disseminated  deposits  of  the  Bingham 
district,  in  the  Tintic  district,  and  has  been 
recognized  from  other  districts  everywhere  as 
a  replacement  of  other  sulpirides, 

Greenockite. — Greenockite,  cadmium  sul¬ 
piride,  CdS  (sulphur,  22.3  per  cent;  cadmium, 
77.7  per  cent),  occurs  as  films  on  sphnlerito 
from  the  Moscow  mine,  Star  district. 

Wurtzite, — Wurtzite,  zinc  sulphide,  ZnS  (sul¬ 
phur,  33  per  cent;  zinc,  67  per  cent),  is  abundant 
in  the  zinc  ores  of  the.  Horn  Silver  mine  and 
has  been  recognized  from  the  Clj'de  mine  in  the 
Tushar  Range.  In  the  Horn  Silver  ores  it  is 
regarded  as  secondary,  but  in  the  Clyde  ox-es  it 
appears  to  be  primary. 

Pyrrhotite. — Pyrrhotite,  sulpiride  of  iron, 
FcsS,  to  Fe,,S,7  (sulphur,  about  40  per  cent; 
iron,  60  per  cent),  is  reported  from  the  bedded 
deposits  in  the  Bingham  district  and  is  prob¬ 
ably  present  in  other  districts  but  is  nowhere 
known  to  be  abundant. 

Bornite. — Bomitc,  sulpiride  of  copper  and 
iron,  CuJTeS,  (sulphur,  28.1  per  cent;  copper, 
55.5  per  cent;  iron,  16.4  per  cent),  is  nowhere 
abundant  but  has  been  recognized  in  the  con¬ 
tact  gold  ores  of  the  Clifton  district;  in  the 
Bingham  and  Ophir  districts;  in  the  Imperial 
mine,  San  Francisco  district;  ill  the  Dolly 
Vurden  mine,  White  Canyon;  and  in  the 
Mountain  View',  Steamboat,  and  other  mines 
of  the  Cottonwood  district. 

Chalcopyriie  ( copper  pyrites). — Chalcopyrite, 
sulpiride  of  copper  and  iron,  CuFeS,  (sulphur, 
35  per  cent;  copper,  34.5  per  cent;  iron,  30.5 
per  cent),  is  the  most  abundant  primary  copper 
mineral  in  the  State,  and  is  present  in  most  dis¬ 
tricts.  Particularly  fine  specimens  of  chalco- 
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pyrile  crystals  occur  in  the  Cactus  mine,  San 
Francisco  district. 

Pyrile. — Pvrite,  iron  disulphide,  KeS,  (sul¬ 
phur,  53.4;  iron,  46.6  per  cent),  is  an  important 
primary  mineral  in  practically  all  of  the  west¬ 
ern  districts  of  the  State. 

ifaTcasile..— Marcasite,  iron  disulphide,  FeS, 
(sulphur,  53.4  per  cent;  iron,  46.6  per  cent), 
occurs  as  a  replacement  of  carbonaceous  mate¬ 
rial  in  the  “red  beds”  of  the  Plateau  region  and 
is  associated  with  oxidized  copper  ore  in  lime¬ 
stone  in  the  Morgan  district. 

Arscnojnjrite  (raLspickcl.) — Arsen opyritc,  sul- 
pharsenide  of  iron,  FcAsS  (arsenic,  46  per  cent; 
sulphur,  19.7  per  cent;  iron,  34.3  per  cent), 
though  nowhere  present  in  great  abundance 
has  been  recognized  in  the  ores  of  the  Clifton, 
West  Tintie,  Park  Valley,  Bingham,  and  Stock- 
ton  districts. 

Syhamte. — An  undetermined  telluride  of 
gold  and  silver  that  occurs  in  tho  ores  of  the 
Tushar  Jlnnge  and  in  tho  Stnto  Lino  district  is 
possibly  sylvanite,  telluride  of  gold  and  silver 
(Au,Ag)Te„  though  material  suitable  for  posi¬ 
tive  determination  is  not  available.  Selenium 
is  usually  present  in  the  specimens,  as  well  as 
tellurium,  hut  whether  in  the  same  mineral  has 
not  been  determined. 

SULPHOSALTS. 

Jamesonite. — Jaraesonite,  Ph,Sb,S,  (sulphur, 

19.7  per  cent;  antimony,  29.5  per  cent;  lead, 
50.S  per  cent),  has  been  recognized  in  the  ores 
of  the  Park  City  and  West  Tintie  districts,  and 
in  the  Horn  Silver  mine,  San  Francisco  district. 

Dufrenoysiie . — Diifreuoys i  to,  2PbS.AsjS3,  is 
reported  by  Maryland  Bixby  from  the  San 
Francisco  district. 

C’osalite. — Cosalite,  2PbSJBi3S3,  occurs  in 
small  amount  in  tho  ores  of  the  Cactus  mine, 
San  Francisco  district. 

Bournonite. — Bournon ito,  (PbCu,)3.Sb:S4  (sul¬ 
phur,  19.S  per  cent;  antimony,  24.7  per  cent; 
lead,  42.5  per  cent;  copper,  13  per  cent),  is 
reported  from  tho  Silver  King  and  Daly-West 
mines,  Park  City  district,  and  from  tho  Little 
Cottonwood  district, 

Pym rgyrite . — Pyr urgyri to,  Ag..SbS3  (sulphur, 

17.8  per  cent;  antimony,  22.3  per  cent;  silver, 

59.9  per  cent),  occurs  in  the  ores  of  the  Horn 
Silver  mine,  San  Francisco  district,  and  prob¬ 
ably  at  other  localities. 


Prouslite.. — Proustito,  AgjAsS,  (sulphur,  19.4 
per  cent;  arsenic,  15.2  per  cent;  silver,  65.4  per 
cent),  is  reported  by  Maryland  Bixby  from  the 
San  Francisco  district  and  by  Lindgren  from 
tho  Tintie  district. 

Tetraliedrite.. — Tctrnhedritc,  of  variable  com¬ 
position  but  essentially  Cu,Sb_S;  (sulphur,  23,1 
per  cent;  antimony,  24.8  per  cent;  copper,  52.1 
per  cent),  is  abundant  in  the  ores  of  the  Park 
City,  Cottonwood,  and  American  Fork  districts, 
nnd  rather  abundant  in  tho  loud  ores  of  the 
Bingham  district.  It  Is  present  in  the  ores  of 
the  Stockton  and  East  Tintie  districts,  in  the 
Cactus  mine,  of  tho  San  Francisco  district,  and 
in  some  of  tho  gold-silver  veins  of  the  Tushm 
Bunge.  Specimens  of  tetraliedrite  from  the 
Park  City  district  contain  notable  amounts  of 
zinc;  and  some  specimens  from  tho  Little 
Cottonwood  district  contain  lead. 

Ttnnantite. — Tennontite,  essentially  CujAsjS, 
(sulphur,  25.5  per  cent;  arsenic,  17  per  cent; 
copper,  57,5  per  cent),  occurs  in  tho  Tiutic 
district. 

Steplumite. — Stephunite,  Ag5SbS4  (sulphur, 
16.3  per  cent;  antimony,  15.2  per  cent;  silver, 
68.5  per  cent),  occurs  in  the  ores  of  the  Tintie 
district. 

Geocronite. — Geocronite,  5PbS.Sb,S3,  occurs 
ns  fine  veinlets  in  galena  from  tho  300-foot 
level  of  the  Colorado  mine,  Tintie  district. 

Enarrjite. — Enurgite,  Cu3AsS,  (sulphur,  32.6 
per  cent;  arsenic,  19.1  per  cent;  copper,  48.3  per 
cent),  is  abundant  in  the  primary  ores  of  the 
Tintie,  is  present  in  the  Little  Cottonwood  dis¬ 
trict,  and  is  probably  present  in  the  primary 
ores  of  other  districts,  notably  the  Clifton,  that 
contain  abundant  arsenic,  and  copper  in  their 
oxidized  ores. 

Famatinite. — Famatinito,  Cu3SbS4,  is  inti¬ 
mately  associated  with  euargitc  in  the  apex  ore 
body  of  the  Mammoth  mine,  Tintie  district. 

Pearceite. — Pearceite,  OAg.S.AsjS,,  occurs  mi¬ 
croscopically  intorgrowu  with  galena  in  the 
"Gem  Channel,”  levels  14  to  19,  of  tho  Gemini 
mine,  Tintie  district. 

HALOIDS. 

Of raryyrile  ( horn  silver,  srilver  clilondf). — 
Cerargyrite,  AgCl  (chlorine,  24.7  per  cent; 
silver,  75.3  per  cent),  is  one  of  the  important 
silver  miueruls  and  is  present  in  many  and 
probably  most  of  t  he  oxidized  silver  deposits  of 


mineralogy. 


109 


the  State.  It  is  especially  abundant  in  the 
ores  of  the  Tintic,  Ophir,  San  Francisco,  and 
Silver  Reef  districts. 

Emholite. — Silver  chlorobromide,  Ag(BrCl), 
and  other  bromides  of  silver  are  frequently 
reported  from  the  mini's  of  Utah,  but  most  of 
them  have  proved  to  be  some  other  mineral. 
It  is  possible  and  perhaps  probable  that 
emholite  or  bromyrite  (AgBr)  are  present  in  the 
ores  of  the  State  in  small  amount. 

Cotvnnite. — Cotunnite,  PbCl2,  may  be  present 
in  the  complex  oxidized  ores  of  the  Tintic  dis¬ 
trict. 

Fluorite. — Fluorite,  CuF,  (fluorine,  4S.9  per 
cent;  calcium,  51.1  per  cent),  occurs  as  a  con¬ 
tact  minernl  in  the  Mineral  Range  and  the  Star 
district;  as  a  gangue  mineral  in  gold  veins  in 
the  Tnshar  Range  and  Gold  Springs  district; 
as  a  gangue  mineral  with  sphalerite  in  zinc  ores 
in  the  Trout  Creek  district,  Deep  Creek  Range; 
with  chaleopyrito  and  pyrite  in  the  Erickson 
district;  and  in  the  Wasatch  Range  cast  of 
Ogden. 

Da  uhreeite. — Daubreeito,  2Bi,0,.BiCls.3H20, 
Inis  been  determined  from  the  1,200-foot  level 
of  the  Eagle  nnd  Blue  Bell  mines,  Tintic  dis¬ 
trict. 

Lead  oxjchlorile.  (unturned). — An  unnamed 
lead  oxychlorito  that  lms  been  determined  in 
ore  from  tho  1 ,000-foot  level  of  the  Eureka  llill 
mine,  Tintic  district,  occurs  as  minute  yellow 
orthorhombic  (?)  prisms  and  rounded  aggre¬ 
gates. 

OXIDES. 

Qmrtz. — Quartz,  SiO,  (oxygen,  53.3  per  cent; 
silicon,  46.7  per  cent),  occurs  in  many  forms, 
being  an  important  constituent  of  both  the 
igneous  and  sedimentary  rocks  of  the  State 
and  being  perhaps  the  most  universal  and 
abundant  gangue  mineral  of  the  ore  deposits. 
It  varies  from  tho  coarsely  crystalline  variety 
of  many  of  tho  ore  deposits,  ns  those  of  the 
Park  City  district,  and  especially  of  the  O.  K. 
mine  in  the  Boavor  Lake  district,  and  tho 
Cactus  mine  in  the  San  Francisco  district,  to 
Iko  fine  cherty'  variety  common  in  the  gold 
veins  in  the  volcanic  rocks  of  the  Tush  nr 
Range  and  the  Gold  Springs-State  Lino  dis¬ 
tricts  and  in  tho  lead-silver  deposits  of  the 
San  Francisco  district,  and  the  c.horty  re¬ 
placement  of  limestone  that  occurs  in  the 
tintic,  Ophir,  and  other  districts. 


Chalcedony. — Chalcedony,  cryptocrystalline 
silica,  essentially  identical  with  the  clierty 
material  described  under  quartz,  also  forms 
voudots  and  spherulitos  in  the  Tintic  district. 

Opal. — Opal,  an  amorphous  silica  with  vari¬ 
able  amount  of  water,  though  not  recognized 
in  the  ore  deposits,  is  associated  with  lavas 
at  numerous  localities. 

Bvnnite. — Bismite,  Bi,0„  occurs  in  the 
Eagle  and  Blue  Bell  mines,  Tintic  district, 
where  it  forms  yellow  earthy  crusts  on  ore. 

Arsenobisinite. — Arscnobismite,  2Bi.03.Ae.0,.- 
2H-.0  or  4Bi.O3.3As.O5. 511,0,  is  described  from 
tho  600-foot  level  of  tho  Mammoth  mine,  Tintic 
district. 

Kermenite.- — Kermesite,  2Sb2S8.Sbl03>  is  asso¬ 
ciated  with  stibnite  in  tho  Bay  State  workings, 
American  Fork  district.  It  forms  minute 
tufts  of  rod  prismatic  crystals  and  probably 
accounts  for  tho  rod  staining  along  tho  stibnite 
seams. 

Molybdile. — Molybditc,  MoO„  was  noted 
from  a  prospect  near  the  Jumbo  vein,  Gold 
Springs  district,  where  it  is  evidently  a  second¬ 
ary'  mineral. 

Cuprite. — Cuprite,  cuprous  oxide,  Cu.O  (oxy¬ 
gen,  11.2  per  cent;  copper,  SS.S  per  cent),  is 
especially  abundant  in  tho  oxidized  copper  ores 
of  the  Copper  Mountain  mine,  Lucin  district, 
of  the  Dixie  mine,  Tntsagubet  district,  and  of 
tho  Imperial  mine,  San  Francisco  district,  nnd 
is  present  elsewhere. 

Tenorite  or  melaconite. — Tenor ite,  cupric 
oxide,  CuO,  is  associated  in  the  Brooklyn  mine 
of  the  Tintic  district  with  the  now  mineral 
crandallite.  Tho  cuprite  of  the  Copper  Moun¬ 
tain  mine  is  surrounded  by  a  thin  layer  of  a 
black  mineral,  probably  tenorito  or  melaconite, 
that  has  apparently  resulted  from  tho  altera¬ 
tion  of  the  cuprite. 

Melaconite. — Melaconite,  CuO,  a  black  earthy 
mineral  containing  copper  as  its  only  metallic 
constituent,  occurs  as  an  alteration  product  of 
cuprito  in  the  Copper  Mountain  mine,  Lucin 
district,  and  in  the  Imperial  mine,  San  Fran¬ 
cisco  district.  This  is  melaconite  or  some 
allied  mineral. 

Pcriclase. — Periclttse,  MgO,  occurs  in  contact- 
metamorphosed  limestone  in  the  Little  Cotton¬ 
wood  district.  It  commonly  forms  the  center 
!  of  spherical  bodies  of  brucito  which  have  re- 
|  suited  from  its  alteration. 
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Massicot. — Massicot,  lead  monoxide,  PbO, 
occurs  o.s  an  alteration  product  of  galena  in  the 
Park  City  district. 

Hematite. — Hematite,  iron  sesquioxide,  FeA 
(oxygen,  .'10  per  cent;  iron,  70  per  cent),  is  an 
important  constituent  of  the  iron  deposits  of 
Iron  County  and  is  the  principal  mineral  in 
the.  iron  deposits  of  the  Uintu  Range.  It  is 
present  in  contact  zones  in  several  districts, 
being  especially  abundant  in  the  Clifton,  San 
Francisco,  and  Beaver  Lake  districts,  as  well 
as  in  Iron  County.  The  well-crystallized 
variety,  spocularite,  is  abundant  in  the  Cactus 
mine,  Sun  Francisco  district,  where  it  occurs  in 
replacement  deposits  in  quartz  monzonite:  and 
it  is  associated  with  pyritc  and  chalcopvrite  in 
quartz  veins  of  the  Farmington  district. 
Micaceous  hematite  with  quartz  forms  a  few 
prominent  beds  in  the  Algonkiftn  rocks  north 
of  Ogden. 

flmen'tU. — llmenite,  titanic  iron  ore,  FeTiO, 
(oxygen,  31. 6  per  cent;  titanium,  31.6  per  cent; 
iron,  36.8  per  cent),  occurs  in  the  Colorado  and 
Green  river  placers  and  in  most  of  the  igneous 
rocks  of  the  State. 

Spinel. — Spinel,  MgALO,  (aluminum,  71.S 
per  cent;  magnesia,  28.2  per  cent),  occurs  in 
the  Tintic,  Park  City,  and  Cottonwood  districts 
as  a  contact  mineral. 

Brucitc.— Brucite,  MgO.ILO,  occurs  in  mag¬ 
nesian  limestone  near  the  contact  with  the 
grnuodiorite  east  of*  Alta ;  it  appears  to  have, 
been  formed  by  the  alteration  of  perielase. 

Magnetite.— 'Magnetite,  FeA  (oxygen,  27.6 
per  cent  ;  iron,  72.4  per  cent),  is  an  important 
constituent  in  the  iron  deposits  of  Iron  County 
where  it  occurs  us  a  contact  mineral  and  in 
veins  in  intrusive  rock.  It  is  also  especially 
abundant  in  the  Rocky,  Little  Cottonwood, 
and  Clifton  districts,  and  forms  bodies  of  con¬ 
siderable  size  remote  from  exposed  igneous 
contacts  in  the  Willard  district.  It  is  present 
in  small  amount  in  practicully  all  of  the  igneous 
rocks  of  tho  State  and  is  abundant  in  the  placer 
deposits  of  tho  Colorado  end  Green  rivers. 

(  hromitt. — Chromite,  FrCr.CX,  occurs  in  the 
Colorado  and  Green  river  placers. 

Minium. — Minima,  lead  oxide,  PbA,  has 
been  recognized  in  the  oxidized  ores  of  the 
Park  City  nnd  Tintic  districts  as  u  bright-red 
earthy  coating. 

Bixbyite,  Bixbyite,  FeO.MnO,,  occurs  with 
topaz  in  altered  lava  in  the  Thomas  Range. 


Rutile. — Rutile,  TiO,  (oxygen,  40  per  cent; 
titanium,  60  per  cent),  occurs  in  the  tourma¬ 
line  veins  uf  the  Clifton  district  and  of  the 
Cactus  mine  of  the  San  Francisco  district,  in 
the  disseminated  copper  deposits  of  the  Bing¬ 
ham  district,  and  doubtless  in  small  amounts 
in  many  other  localities. 

OcUihedritr  —  Oetahedrite,  Ti02  (oxygen,  40 
per  cent.;  titanium,  60  per  cent),  occurs  in  the 
sericitic  ore  of  the  Deertrail  mine,  near  Marys- 
vale. 

Diaspora. — Diaspore,  AlO(Ofl)  (alumina, 
85  per  cent;  water,  15  per  cent),  occurs  in  the 
altered  lavas  of  the  Beaver  Lake  Mountains. 

Pyrolusite. — Pyrolusite,  MnO„  has  beou 
mined  in  the  Little  Grande  district,  where  it 
occurs  in  sandstone,  and  similar  occurrences 
are  present  in  numerous  localities  through  the 
Plnteau  region.  It  is  present  in  considerable 
abundance  in  some  of  the  deposits  in  the  Little 
Cottonwood  district,  in  prospects  near  Modena, 
in  the  Escalante  mine  and  near-by  prospects, 
in  deposits  in  Bullion  Canyon  of  tho  Tushar 
Range,  in  the  iron  deposits  of  the  Antelope 
Range  in  Piute  County,  and  at  numerous  other 
localities. 

ManganiU-. — Manganite,  MnO(OII),  occurs 
in  the  Horn  Silver  mine,  San  Francisco  district, 
and  probably  in  small  amount  in  numerous 
localities. 

Psilomelane. — Psilomelane,  a  hydrous  man¬ 
ganese  mangnnate,  H«MnO,?  (usually  very  im¬ 
pure),  is  common  ns  black  earthy  masses  or 
stains  in  oxidized  ore  bodies  throughout  the 
State. 

Wad. — Wad,  an  impure  black  hydrous  man¬ 
ganese  oxide  similar  to  psilomelane  but  usually 
soft  and  loosely  aggregated,  and  psilomelane 
ure  present  at  some  places,  ns  in  the  Tintic 
district,  in  minable  amounts. 

Limonite. — Limonite,  2FeJ09-3Hi0  (oxygeu, 
25.7  per  cent;  iron,  59.8  per  cent;  water,  14.5 
per  cent),  is  present  in  practically  all  the  ore 
deposits  of  the  State  and  in  many  is  very 
abundant.  It  has  been  mined  us  a  flux  from 
the  Tintic  and  Luciti  districts  and  from  tho 
Ant elopo  Range,  Piute  County,  and  to  a  small 
extent  from  other  localities. 

Gothite. — Gotkite,  FeO(OII),  has  been  recog- 
uized  in  the  gossan  of  tho  Cactus  mine,  San  ( 
Francisco  district. 

Copper  pitch  ure.” — Hydrous  oxides  of 
copper,  iron,  and  manganese,  of  variable  com* 
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position,  commonly  termed  “copper  pitch,” 
occur  ns  oxidation  products  of  copper  ores, 
especially  in  the  Imperial  mine,  San  Francisco 
district,  aud  in  the  Tintie  district. 

CABBONATES. 

Calcite. — Cnlcito,  calcium  carbonate,  C’aCO,, 
occurs  in  many  forms.  As  limestone  it  makes 
up  a  large,  part  of  many  of  the  mountain  ranges 
of  tlio  State.  As  a  gangue  mineral  it  is  present 
in  many  ore  deposits,  especially  iu  replacement 
deposits  in  limestone  und  in  thn  gold-silver 
veins  in  tho  volcanic  rocks. 

Doiowite. — Dolomite,  carbonate  of  calcium 
aud  magnesium,  (CaMg)COs,  like  calcite,  is  an 
important  part  of  the  sedimentary  rocks  in  tho 
mountains  of  the  State,  and  is  ft  common 
gangue  mineral,  especially  in  lead-silver  and 
zinc  ores. 

Sideriie. — Siderito,  FeC03,  an  impure  iron 
carbonate,  is  especially  abundant  in  the  Cactus 
mine,  San  Francisco  district,  but  is  also  present 
in  deposits  of  the  Clifton  district,  the  Tushar 
Range,  and  elsewhere. 

Ankerite. —  Ankerito,  !CaMgFo)CO„  resem¬ 
bles  dolomite  in  appearance  and  mode  of  oc¬ 
currence.  It  has  been  recognized  in.  the  Tintie 
district  and  is  doubtless  present  elsewhere. 

Rkodockrosite. — Rhodochrosito,  MgC03,  is  not 
abundant,  though  much  of  tho  vein  carbonate 
contains  manganese  in  notable  amount.  Rho¬ 
dochrosito  occurs  in  the  Dillon  mine  in  the 
Tushar  Range,  is  present  in  small  amount  in 
tho  Park  Oity  and  Star  districts,  and  doubtless 
occurs  iu  small  amounts  at  other  localities. 

Smithson  tie. — Smithsouite,  ZuC03  (zinc,  51.90 
per  cent),  is  present  in  many  oxidized  ore  de¬ 
posits  of  western  Utah.  It  is  everywhere  sec¬ 
ondary  and  very  commonly  replaces  limestone 
or  dolomite.  It  has  boon  found  in  greatest 
abundance  in  the  North  Tintie,  Tintie,  Pro¬ 
montory,  Ophir  (Dry  Canyon),  and  Star  dis¬ 
tricts. 

Hydrozincite. — Hvdrozincito,  basic  zinc  car¬ 
bonate  (25nCO,.2Zn6sH3  ?) ,  occurs  in  the  Tintie, 
Ophir,  and  Mount  Nebo  districts  and  probably 
elsewhore  as  chalk-white  dense  earthy  musses 
and  incrustations  closely  associated  with  smith- 
sonito. 

Aragonite. — Aragonite,  calcium  carbonate, 
CaCOj,  crystallizing  in  tlio  orthorhombic  sys- 
h'm,  has  been  noted  in  oxidized  ore  of  tho  “1903” 
mine,  West  Tintie  district,  and  hi  caves  near 


ore  bodies  in  the  Tintie  district.  Aragonite 
containing  a  little  zinc  is  associated  with  tho 
oxidized  zinc,  ore's  of  the  Gemini  mine,  Tintie 
district, 

Cerusite. — Cerusito,  lead  carbonate,  PbCOs 
(lead,  77.5  per  cent),  is  the  most  important  lead 
mineral  in  the  oxidized  ores  of  the  State,  anil  is 
present  hi  practically  all  deposits  in  which  lend 
occurs,  everywhere  as  an  alteration  product  of 
galena  or  other  load  minerals.  Ordinarily  tho 
sulphide  niters  first  to  the  lead  sulphate,  angle- 
site,  and  the  sulphate  to  the  carbonate. 

Malachite. — Malachite,  CuCO,.Cu(OH),  (cop¬ 
per,  57.4  por  cent),  is  present  in  the  oxidized 
portion  of  practically  all  the  copper  deposits  of 
the  State. 

Az>irite. — Azurite,  2CuCO,  .Cu  (OIi)3  (copper, 
55  per  cent),  like  malachite,  is  present  hi  tho 
oxidized  portion  of  practically  all  the  copper 
deposits. 

Auricluilcite. —  Aurichalcito,  2(ZnCu)COs.3 
(ZnC’n)  (OH),,  has  been  noted  hi  oxidized  zinc 
ore  from  the  Hidden  Treasure  mine  in  the 
Ophir  district  (Dry  Canyon),  in  tho  Tintie  dis¬ 
trict,  from  the  Cave  mine  hi  the  Mineral  Range, 
and  from  the  Carbonate  miiio,  Big  Cottonwood 
district. 

Bismuthite. — Bismuthite,  Bi,03.C0,.H,0,  oc¬ 
curs  in  the  Boss  Tweed  mine  and  in  tho  Vic¬ 
toria  mine,  Tintie  district. 

Lecdhilli te. — Loadhillite,  I-I2Pb4C,S012,  hy¬ 
drous  sulphato-carbonato  of- load  .appears  in  the 
only  specimen  found  (from  the  Eureka  Hill 
mine,  Tintie  district)  as  white  crystals  asso¬ 
ciated  with  anglesite. 

Pkosgenitr. ,-  -Phosgenite,  PbCl.CO,,  has  been 
found  in  tho  State  only  os  gray  crusts  replacing 
the  lead  carbonate,  eorusite. 

SILICATES. 

Orih-oclase. — Orthoelaso,  KAlSiaOs,  is  an  im¬ 
portant  constituent  of  most  of  the  igneous  rocks 
of  tho  State.  As  a  gangue  mineral  of  oro  de¬ 
posits  it  occurs  iu  tho  pogmutitic  veins  of  the 
Park  Valley  district,  in  those  ot  tho  Queen  of 
Sheba  mine,  in  tho  Deep  Crock  Rung©,  and  in 
tho  pegmatitic  deposits  of  the  Clifton  district. 
It  is  present  ns  adularia  in  tho  gold-silver  veins 
in  lavas  of  the  Tushar  and  Gold  Spring-Sta^e 
Lino  districts;  it  is  an  important  alteration 
mineral  of  the  quartz  monzonite  in  the  dis¬ 
seminated  deposits  of  the  Bingham  district. 
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and  it  occurs  as  a  replacement  mineral  in  lime¬ 
stone  in  tho  Ophir  district. 

Plagiodnse  group. — The  plagioclaso  group  is 
an  important  constituent  of  most  of  tho  igneous 
rocks  of  the  State.  (End  members  of  group: 
Alb i to,  NaAlSijO,,  and  anorthito,  OaAl.Si.O,; 
intermediate  members  are  mixtures  of  these  in 
difforentproportions.)  Albite  replaces limestone 
in  the  contact  zones  in  tho  Iron  Springs  district. 

Pyroxene,  group. — Of  tho  mombors  of  tho 
pyroxene  group,  augito  and  hyperstheno  are 
constituents  of  many  of  the  igneous  rocks  of 
the  State.  Enstatite,  associated  with  spinel, 
is  an  abundant  microscopic  mineral  in  altered 
dolomite  in  the  contact  zone  of  the  Tintic 
district.  Diopside  is  present  in  the  altered 
limestone  of  most  of  the  contact  zones. 
WoUastonite  is  the  principal  gangue  mineral 
in  some  of  tho  contact  gold  deposits  of  tho 
Clifton  district,  and  has  beon  found  in  the 
Tintic  district.  Rhodonite  is  present  in  the 
Park  (Sty  district  os  a  ganguo  mineral  but  is 
nowhere  abundant. 

Amphibole  group. — Members  of  tho  amphi- 
bolo  group,  especially  honiblondo,  are,  like  ' 
thoso  of  the  pyroxene  group,  important 
constituents  of  many  of  the  ignoous  rocks 
of  tho  State.  Trcmolite  is  especially  common 
in  tho  mot  amorphic  limestone  in  contact 
zones.  Actinolito  has  tho  same  genoral  dis¬ 
tribution  and  mode  of  occurrence  as  tremolito. 
Hornblende  in  small  amount  has  been  noted 
in  metumorphic  limestone  of  the  West  Tintic 
district.  Amphibolo  is  a  constituent  of  some 
of  the  veins  in  tho  quartz  monzonito  of  the 
Clifton  district. 

Beryl. — Beryl,  Gl,Als(Si(X)„  is  reported  from 
quartz  voins  hi  tho  Ibapah  stock,  Deep  Creek 
Range. 

WilUmite. — Willomite,  anhydrous  zinc  sili¬ 
cate,  Zn,Si04  (zinc,  58,5  per  cent),  occurs  in 
specimens  of  oxidized  zuic  ore  from  tho  Cedar 
Talisman  mine,  Star  district,  Beaver  County, 
presented  to  the  Survey  by  Mr.  W.  H.  Parker. 
The  willomite  appears  as  abundant  short, 
stout,  hexagonal  crystals  associated  with 
smithsonite,  calamine,  pyromorpliito,  and  hy¬ 
drous  oxide  of  iron.  It  is  in  part  at  least 
later  than  calamine  and  is  unquestionably 
secondary. 

Garnet  group.— Garnet  of  different  com¬ 
positions  has  beon  formed  by  a  replacement  of 
calcareous  rocks  in  most  of  the  contact  zones 


of  the  State.  Most  of  it  is  a  mixture  of 
andradito  (iron-calcium  garnet),  grossularite 
(calcium-alumina  garnet),  and  pyrope  (mag¬ 
nesium-aluminum  garnet),  tho  andradito  por¬ 
tion  predominating.  In  the  Little  Cotton¬ 
wood  district  a  green  chrome  garnet  (uvaro- 
vite)  occurs  in  tho  contact  zone.  Garnet 
occurs  in  tourmolino  voins  in  the  quartz 
monzonito  of  tho  Clifton  district  and  in  the 
pegmatitic  gold  veins  of  the  Queen  of  Shoba 
mine  in  tho  Deep  Creek  Ran  go.  It  is  present, 
commonly  as  tho  iron-aluminum  variety, 
almandite,  in  many  schists  and  gneisses. 
Garnet  is  a  rather  abundant  constituent  of 
the  Colorado  and  Green  river  placers. 

Vesuvianile. — Vesuvianite,  basic  calcium- 
aluminum  silicate,  has  been  recognized  as  a 
replacement  mineral  in  the  contact  zones  of 
tho  Park  City,  Little  Cottonwood,  and  San 
Francisco  districts  and  in  the  Mineral  Range. 
It  occurs  in  the  tourmaline  veins  in  quartz 
monzonite  in  the  Clifton  district. 

Zircon. — Zircon,  ZrSi04,  is  present  in  small 
amount  in  many  of  the  igneous  rocks  of  the 
State.  It  is  rather  abundant  in  tho  sericitic 
ores  of  tho  Decrfrail  mino  and  is  present 
in  tho  placers  of  Colorado  and  Green  rivers. 

Danburile. — Danburitc,  CaB,(Si04)2,  occurs 
in  tho  tourmaline  voins  of  tho  Clifton  district. 

Topaz.— Topaz,  (AlF)jSi04,  occurs  hi  altered 
volcanic  rocks  in  the  Thomas  Range. 

Andalusite. — Andalusito,  Al,Si05,  occurs  in 
hydrothermnlly  altered  volcanic  rocks  of  the 
Beaver  Lake  Mountains. 

MonticeUite. — Monticcllitc,  CaMgSi04,  forms 
microscopic  crystals  in  tho  contact-raotamor- 
phosed  limestone  of  tho  Cottonwood-Amcrican 
Fork  region. 

Zoi&Ue. — Zoisito,  Ca,(/V10H)Al2(Si04)„  has 
been  recognized  as  an  alteration  product  of 
limestone  hi  the  contact  zono  in  the  Little 
Cottonwood  district  and  in  inclusions  in  mon- 
zonitc  of  tho  Tintic  district,  and  it  is  probably 
present  at  other  localities. 

Epidote. — Epidote,  HCa,(Al,Fo)3Si,Oia,  is  * 
common  alteration  product  of  limestone  in  tho 
contact  zones,  as  in  tho  Iron  King  mine, 
^ost  Tintic  district.  It  is  also  produced  by 
the  hydrothermal  alteration  of  limestones  that 
are  not  closely  associated  with  igneous  rooks, 
notably  in  the  deposits  of  tho  Ophir  district. 
It  occurs  in  tho  tourmulino  veins  of  tho  Clifton 
district. 
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A xinitc.  Axinite,  boro-silicatc  of  alummum 
and  calcium  with  varying  amounts  of  iron 
and  manganese,  occurs  as  a  replacement  of 
limestone  in  the  contact  deposits  of  the 
Clifton  district. 

Calamine. — Calamine,  H;ZnSi05  (zinc,  54.2 
per  cent),  is  present  in  smull  or  considerable 
amounts  in  the  oxidized  zinc  ores  of  the  State, 
but  nowhero  predominates  in  oxidized  zinc 
ores.  It  has  been  noted  in  the  Star,  San 
Francisco,  North  Tintic,  Tintic,  and  Mount 
Ncbo  districts  and  is  present  in  small  amounts 
at  several  other  localities. 

Tourmaline. — Tourmalino,  complex  silicate 
of  boron  and  aluminum  with  magnesium,  iron, 
or  alkali  metals,  occurs  in  the  Clifton  district  in 
pegmatite  dikes,  in  veins  in  quartz  monzonitc, 
and  in  contact  deposits.  It.  is  abundant  in  tho 
Cactus  mine,  San  Francisco  district,  in  replace¬ 
ment  veins  in  quartz  monzonitc. 

LaumonJite. — Laumontite,  H4CaAl,Si4014,  oc¬ 
curs  in  a  gold-copper  vein  in  quartz  mon- 
zonite  in  the  Bromide  mine  in  the  Henry 
Mountains. 

Thulanditc. — Heulandite,  HtCaAl,(SiOa)s  - 
3HLO,  occurs  in  small  gray  to  yellowish  crys¬ 
tal  aggregates  lining  cavities  in  rhyolite  in  a 
north  continuation  of  tho  Gemini  ore  zone, 
Tintic  district. 

Ckabazxte. — Cbabazite,  (CaNa,)AljSi4Ou,  oc¬ 
curs  in  small  amount  in  the  contact  zone  of  1 
tlie  Park  City  and  Cottonwood  districts. 

Muscovite  (while  mica). — Muscovite,  HjKAl,- 
(Si04)3,  occurs  as  an  original  constituent  of 
igneous  rocks  and  as  a  replacement  of  lime¬ 
stone  near  tho  contact  of  igneous  rocks.  As 
ft  contact  mineral  it  has  been  noted  especially 
in  the  San  Francisco,  Clifton,  and  Little  Cot¬ 
tonwood  districts  and  in  the  Mineral  Range 
but.  is  present  at  other  localities.  The  finely 
crystallized  variety  commonly  known  ns  seri- 
cite  is  abundant  as  a  product  of  the  alteration 
of  igneous  rocks  by  vein-forming  solutions. 
Such  alteration  is  important  in  the  Bingham, 
Tintic,  Sun  Francisco,  Beaver  Lake,  Clifton, 
and  other  districts.  Sericite  has  also  formed 
abundantly  iu  replacement  veins  in  limestone, 
roost  strikingly  in  the  Deertruil  mine  near 
Marysvnlo,  where  it  is  the  most  important 
Raugue  mineral.  It  is  also  plentiful  in  places 
in  the  Park  City,  Little  Cottonwood,  Bing- 
bum,  Stockton,  Ophir,  and  Fish  Springs  dis¬ 
tricts. 


Seriate.  See  Muscovite. 

Biotite  (black  mim).— Biotite,  (H.KhfMgFe),- 
(AlFe)j(Si04)j,  is  a  constituent,  of  much  of  the 
igneous  rock  of  the  region.  It  is  a  product  of 
the  alteration  of  monzonitic  rocks  by  ore  solu¬ 
tions  in  tho  Bingham  and  Clifton  districts. 
It.  occurs  as  a  contact  mineral  iu  the  Rocky 
district. 

Phlugopite  (magnesian  mica). — Phlogopite, 
(H,K,MgF)j.Mgj.Al(Si04)„  has  been  noted  as  a 
contact  mineral  in  limestone  in  the  Cotton¬ 
wood  districts  and  in  the  Rooky  district. 

Chlorite. — Chlorite,  a  variable  compound  of 
iron,  magnesium,  and  aluminum  silicate,  is  a 
common  alteration  product  of  the  dnrk  sili¬ 
cates  of  the  igneous  rocks.  It.  occurs  iu  the 
Park  City,  West  Tintic,  and  Mineral  Range 
contact  zones,  in  the  tourmalino  veins  of  the 
Cliftou  district,  in  tho  altered  latitc  adjacent, 
to  the  Beaver-Carbonate  vein  in  the  San  Fran¬ 
cisco  district,  and  in  veins  cutting  shale  in  the 
western  part  of  the  Erickson  district,  Simp¬ 
son  Mountains. 

Serpentine. — Serpentine,  H4MgiSi,0#,  is  a 
common  alteration  product  of  the  magnesian 
silicates  both  of  tho  igneous  rocks  and  of  the 
contact  zones. 

Talc. — Talc,  II,Mg3(Si03)4,  probably  occurs 
at  numerous  localities  in  tho  State,  us  in  the 
contact  zone  of  the  Tintic  district,  but  is  not 
nearly  so  abundant  ns  it  is  generally  supposed 
to  be.  Most  of  the  white  materials  commonly 
designated  talc  prove,  on  examination,  to  be 
some  other  substance,  as  sericite,  alunife, 
kaolin,  or  some  other  hydrous  aluminum 
silicate. 

Kaoliniie.  (kaolin). — Kaolin,  Il4Al3SijOt;  hy¬ 
drous  aluminum  silicates,  are  of  common  oc¬ 
currence.  Most  of  them  are  of  variable  com¬ 
position  and  probably  few  correspond  to  ka- 
olinite.  They  are  particularly  abundant  in  tho 
Copper  Mountain  mine  in  the  Lucin  district 
and  in  the  Dragon  iron  mine  in  the  Tintic 
district. 

Leverrierlte  (raccwinite). — A  hydrous  iron- 
alumimtm  silicate  corresponding  in  general 
to  loverrierito  has  been  described  by  A.  N. 
Wincbell  from  the  Highland  Boy  mine,  Bing¬ 
ham  district,  and  called  raccwinite. 

Thaumarite.. — Thaumasite,  (’nSiOvCaCOj.- 
CaS04.15H:0,  occurs  in  vcinlets  cutting  the 
zone  of  contact  minerals  in  the  Old  Hickory 
mine,  Rocky  district. 
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ChrysocoUa.  —  Chrvsocolla,  CuSi03  +  2HjO 
(silica,  34.3  per  cent;  copper  oxide,  45.2  per 
cent  (copper,  36  per  cent);  water,  20.5  per 
cent),  is  commonly  present  in  oxidized  copper 
ores.  It  is  especially  abundant  in  tbe  Copper 
Mountain  mine,  Lucin  district,  and  is  present 
in  considerable  amount  in  the  San  Francisco, 
Tintic,  West  Tin  tic,  and  other  districts. 

Tilanite. — Titanite,  CaTiSiOs,  is  a  common 
minor  constituent  of  the  intrusive  rocks  of  the 
Stato  and  occurs  as  microscopic  crystals  in  the 
tourmaline  veins  of  the  Clifton  district  and  in 
tlto  contact  zones  of  the  West  Tintio  district. 

PHOSPHATES,  ARSENATES,  AND  VANADATES. 

A  pa  the. — Apatite,  (CaF,0)  Ca4  (P04)j,  is  a  com¬ 
mon  minor  constituent  of  the  igneous  rocks 
of  tho  State  and  is  rather  abundant  in  the 
tourmaline  veins  of  tbe  Clifton  district. 

Pyromorphite.  —  Pvromorphite,  (PbO)Pb4- 
(P04)3,  is  of  rather  rare  occurrence  in  the 
State  hut  has  been  found  in  the  Park  City  dis¬ 
trict;  in  theEsealnntcmino,  of  Iron  County;  in 
tho  Cedar  Talisman  mine,  of  the  Star  district; 
and  in  the  Eureka  Hill  mino,  of  tho  Tintic 
district. 

CrandaUite. — CrandaUite,  hydrous  phosphate 
of  calcium  and  aluminum,  has  beeu  found  as 
light  gray  to  yellowish  or  brownish,  fibrous  to 
denso  crusts,  lining  cavities  in  quartz-barite- 
sulphide  vein  matter  at  the  Brooklyn  mine, 
Tintic  district. 


Bonckite. — Borickito,  hydrous  basic  phos- 
phutc  of  iron  and  calcium,  has  been  reported 
to  occur  in  the  Ajax  mine  in  reddish-brown 
massive  form. 


Mimetite.  Mimetito,  (PbCl)Ph4(As04)s,  oc¬ 
eans  in  tho  oxidized  ores  of  the  Park  City  dis¬ 
trict  and  occurs  rurcly  in  tho  Tintic  district. 

Vanadinite. — Vanndinite,  (Pb0)Pb4(V04)3 
occurs  in  the  oxidized  lead  ores  of  tho  HarriiU- 
ton-Hickory  mine,  Star  district. 


Adamite. — Adamite,  Zn^,Os.Zn(OH)„ 
be«n  found  with  limonite'in  the  Iron  Blass 
mine  (No.  3  shaft),  Tir.tic  district. 

Ch enevixi te. — Chene vix ite,  Cu;(FeO).As,0 
3IT0  (?),  was  obtained  from  the  Amerii 
Eagle  mine,  Tintic  district,  as  a  ma« 
greenish -yellow  mineral,  not  easily  disl 
guislied  from  massive  varieties  of  olivenite. 
Conichalcile.  Conichn lei t e,  (Cu,  Ca)  As  < 

cuc„<o,r)i+,Hi°  (n>  pro'b0bly'  ,;r  • 

"  'dcly  distributed  copper  arsenate  in  the  Tii 


district,  occurs  as  small,  bright,  yellowish-green 
fibrous  spheres  or  more  rarely  as  mammillary 
crusts;  also  present  in  tho  Gold  Hill  mine, 
Clifton  district. 

Eriniie. — Erin  ite,  Cu,AsjOh.2Cu  (OH)„  is  i 
rather  common  arsenate  in  the  Tintic  district, 
forming  small  dark-green  or  dirty  grayish-green 
mammillary  crusts  and  fibrous  spheres. 

Chalcophyllite  oral  tyrolile, — Chnlcophyllite, 
(Cu.,As208.2Cu(0H)2+  14ll30  (?))  and  tyrolite 
(CUjAsjOg^Cu  (OH  )s  4-  7HjO  (?))  are  found 
rather  commonly  in  the  oxidized  copper  ores 
of  the  Tintic  district,  particularly  in  the  Ajax 
and  Mammoth  mines.  They  form  foliated  and 
fan-shaped  aggregates  and  aro  not  readily  dis¬ 
tinguished  except  by  optical  means  (chalcophyl- 
lite  is  uniaxial). 

Olivenite. — Olivenite,  Cu,(OH  >As04,  occurs  in 
the  Tintic  district  as  an  oxidation  product  of 
enargite;  also  in  the  Clifton  district. 

Desdoizite—  Descloizito,  (PbZn)s(0H)V04, 
occurs  as  a.  coating  of  cavities  in  the  ores  of  tho 
Escalante  mine. 

Clinodasiie . — Clinoclas  i  to ,  CujAsjO*.  3Cu  - 

(OH),,  occurs  in  the  Tintic  district  as  an  altera¬ 
tion  product  of  ennrgite. 

Anruibergite . — Annaborgite,  Nis. A.s,0#  +  SHjO, 
occurs  in  the  ores  of  the  Escalante  mine. 

Scorodite.—  Scorodite,  FcAs04 -f  2H,0,  occurs 
as  an  oxidation  product  of  arsenic  minerals  in 
several  districts,  including  tho  Tintic,  West 
Tintic,  Star,  Mercur,  and  Clifton.  It  is  es¬ 
pecially  abundant  in  tbe  Gold  Hill  mine  of 
the  Clifton  district. 

Variscite. — Variscite,  AlPO4-2H,0,  occurs 
about  5  miles  northwest  of  Lucin,  where  it 
has  been  mined  to  some  extent  as  a  gem  ma¬ 
terial. 

Volborthite. — Volborthite,  hydrous  vanadate 
of  copper  barium,  and  calcium,  occurs  iu  the 
ores  of  the  Silver  Reef  and  other  sandstone 
deposits  of  tho  Plateau  region. 

P  harma  cosideriu. — P  harmacosiderite, 
6FeAs04.2Fe(0H)3-|-  12H,0,  occurs  in  the  Tin¬ 
tic  and  West  Tintic  districts. 

Pintado ite. — Pintadoite,  hydrous  calcium 
vanadate,  2CaO.VIOs  +  9H,0,  occurs  ns  on 
efflorescence  on  the  surface  of  vanadium- 
hearing  sandstones  of  the  Plateau  region  from 
Pintado  Canyon,  near  the  La  Sal  Mountains. 

Uvanite. — Uvanite,  hydrous  uranium  vana¬ 
date,  2U03.3 V,05  +  15HaO,  occurs  at  Tempi® 
Rock  011  the  east  sido  of  San  Rafael  Swell. 
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CamotUe . — C  a  r  n  o  t  i  t  e ,  K.0.2V0a.V,0,  + 
3H:0,  occurs  tit  numerous  localities  in  the 
Plateau  region,  and  is  especially  abundant 
around  the  La  Sal  and  Henry  mountains  and 
the  San  Rafael  Swell. 

Tyuyamunite. — Tyuyiuminito,  Cn0.2V0,. 
V.Oj+ILO,  occurs  in  Browns  Park,  Uinta 
Mountains. 

A  uiunite. — Au tun  it©.  Ca  (UO,)  ,P,0,  +  8HjO, 
is  reported  from  the  ores  of  the  Silver  Reef, 
from  "sandstone”  deposits  9  miles  south  of 
Puhreah,  and  is  probnbly  present  in  other 
uranium  deposits  of  the  Plateau  region. 

TJmnospinite. — Uranospinite,  Ca  (U02)2.As5. 
0a  +  8H3O,  is  reported  from  9  miles  south  of 
Puhreah,  Kane  County. 

Zeururite. —  Zeunerite,  Cu(U0;)2.As,.0,-f 
H,0,  hus  been  found  occasionally  as  small, 
yellowish-green  tabular  crystals  on  barite  in 
the  ore  of  the  Centennial  Eureka  mine,  Tintic 
district. 

MixUe. — Mixite,  hydrous  basic  ursenate  of 
copper  and  bismuth,  occurs  in  the  ores  of  the 
Tintic  district. 

Bindheimite. — Bindheimite,  hydrous  anti- 
monate  of  lead,  occurs  in  the  ores  of  the  Park 
City  and  West  Tintic  districts  and  in  the  Horn 
Silver  mine,  San  Francisco  district. 

Bcndanlite. — Beudantite,  arsenate  with  sul¬ 
phate  of  feme  iron  and  lend,  occurs  as  nu  oxida¬ 
tion  product  in  load  ores  in  the  Clifton  district. 

Corlnte. — Corkito,  phosphate  with  sulphate 
of  ferric  iron  and  lead,  occurs  as  an  oxidation 
mineral  in  the  Harrington-Hickory  and  Wild 
Bill  mines,  Star  district. 

BORATES. 

Ludwigile. — L  u  d  w  i  g  i  t  e,  3MgO.  B303  + 
FeO.Fe2Os,  occurs  as  a  replacement  of  calcnre-  j 
ous  rocks  in  the  Little  Cottonwood  district. 

Mugnesoludwigritc . — M  agnesoludwigite, 
3Mg0,B203  +  MgO.Fe,0„  described  from  the 
Mountain  View  mine,  at  the  head  of  Big  Cotton¬ 
wood  Canyon.  Replaces  limestone  the  same 
!is  ludwigite. 

SULPHATES. 

Barite. — Barite,  barium  sulphate,  BaS0o  as 
a  ganguo  mineral  is  especially  abundant  in  the 
Tintic  district  and  in  the  Horn  Silver  mine  of 
the  San  Francisco  district  and  i3  present  in  the 
Mineral  Range,  Tushar  Range,  Mercur,  Ophir. 

ark  City,  American  Fork,  and  other  districts.  I 


Angleeiie— Anglesite,  lead  sulphate,  Pi >80, 
(lead,  68.3  per  cent)  is  the  usual  alteration 
product  of  galena,  though  it  in  turn  is  com- 
monly  altered  to  the  carbonate,  cerusite,  which 
is, more  abundant  in  the  oxidized  ores  than  the 
sulphate.  Anglesite  is  very  abundant  in  the 
oxidized  ores  of  the  Horn  Silver  mine  and  is 
present  in  most  ,  if  not  all,  of  the  lead  deposits 
of  the  State. 

Anhydrite. — Anhydrite,  anhydrous  calcium 
sulphate,  CnS04,  occurs  us  a  ganguo  mineral  in 
the  deposits  of  the  Cactus  mine,  Sun  Francisco 
district,  and  in  some  of  the  gypsum  hods  in 
the  “red  beds”  of  the  Plateau  region. 

Celeslite. — Oelestite,  strontium  sulphate, 
SrSO,,  is  associated  with  galena  and  zinc  blende 
in  Eocene  sandstone,  Snlina  Creek  district. 

Jirocluinlite . — Broehnntito,  basic  sulphate  of 
copper,  CuS04.3Cu(0H)s,  is  rather  abundant  in 
the  oxidized  copper  ores  of  the  Horn  Silver 
mine  and  is  present,  in  ores  of  the  Tintic  dis¬ 
trict  and  probnbly  other  districts. 

Cormellite  and  spangolile.. — Connellite,  basic 
hydrous  chlorosulphite  of  copper,  and  spango- 
lite,  basic,  hydrous  chlorosulphite  of  copper  and 
aluminum,  have  recently  been  described  from 
the  Grand  Central  mine,  Tintic  district.  Con¬ 
nellite  forms  bright  Prussian-blue  fibrous  radi¬ 
ating  crystals  of  almost  metallic,  luster;  spango- 
lite  forms  hexagonal  thick  prisms,  pale  green 
to  bluish  green,  with  perfect  basal  cleavage. 

Linarite. — Linurite,  basic  sulphate  of  lend 
und  copper,  (Pb,Cu)SO/Pb,Cu)(OH)2,  occurs 
in  the  oxidized  ores  of  the  Horn  Silver  mine, 
Son  Francisco  district,  and  hns  been  reported 
from  tho  Bullion  Beck  or  the  Gemini  mine  and 
from  (.he  Mammoth  mine,  Tintic  district. 

Gypsum. — Gypsum,  hydrous  calcium  sul¬ 
phate,  CuS04  -f  2H,0,  is  present  in  most  of  the 
districts  and  is  rather  abundant  in  the  Snn 
Francisco  district.  It  occurs  in  largo  amounts 
in  the  ‘‘red  beds”  of  the  Plateau  region. 

Godarite. — Goslurite,  hydrous  zinc  sulphate, 
ZnSO,  +  7HjO,  is  abundant  ns  an  efflorescence 
on  the  walls  of  old  workings  in  the  Horn  Silver 
mine,  San  Francisco  district,  and  is  present  in 
small  amounts  in  other  districts. 

Meluntente. — Melanteritc,  hydrous  ferrous 
sulphate,  FeSOt+7HjO,  has  been  recognized 
in  the  oxidized  ores  of  the  Mercur  and  Tintic 
districts  and  is  doubtless  present  in  other 
deposits. 
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Chalcanikite. — Chalcanthite,  hydrous  copper 
sulphate,  CuS04.5H,0,  is  u  common  efflores¬ 
cence  on  the  walls  of  old  copper  workings.  It 
is  especially  abundant  in  the  1  lorn  Silver  mine, 
San  Francisco  district,  and  the  0  K  mine, 
Denver  Lake  district,  but  it  is  present  in  many 
other  mines. 

Lr.ltmirdte  (cyanotnehite) .  — Lettsomite, 
4CuO.AljOj.SO3.8HiO,  occurs  in  the  Ajax, 
formerly  the  Copperopolis  or  American  Eagle 
mine,  Tintic  district. 

UtaJi'Ue. — Utuhitc,  3Fe20,.2S03.7Hj0,  has 
been  described  from  the  oxidized  ores  of  the 
Tintic  district  It  may  he  identical  with 
jarositc,  which  is  abundant  in  the  Tintic  ores. 

Alanitc. — Alunite,  hydroics  sulphate  of  alum- 
imun  and  potassium,  Kj0.3A40,.4S0,.6H;0, 
occurs  in  veins  in  the  Tushnr  Range  and  is  a 
rare  microscopic  vein  mineral  in  the  Tintic  and 
Erickson  districts.  It  is  an  alteration  product 
of  igneous  rocks  in  mineralized  areas  of  the 
Tuslnir  Range  and  Tintic  district.  In  the 
Horn  Silver  mine,  San  Francisco  district,  and 
in  the  Tintic  district  it  has  formed  during  the 
oxidation  of  the  ores. 

Jam. rite. — Jarosite,  K,0.3Fe,0s.4S0s.6l 1,0, 
has  been  recognized  in  the  Mereur,  Tintic, 
Detroit,  Star,  San  Francisco,  Tutsngubet,  and 
Argentu  districts,  in  ll:o  Dcertruil  mine,  near 
Marysvale,  and  at  soverul  localities  in  the 
Plateau  region,  and  is  probably  present  in  other 
localities.  It  invariably  occurs  as  a  product  of 
oxidation  ot"  sulphides. 

P l uinboja roiritt. . — Plumboj nrosi te,  PbO.- 
3Fej03.4S0s.GHj0,  is  rather  common  ns  nn 
oxidation  product  in  the  oxidized  lead  ores  of 
Utah.  It  has  been  recognized  in  the  Star,  San 
Francisco,  Tutsugubet,  Tintic,  Opliir,  Stockton. 
Lucin,  Fish  Springs,  Clifton,  Big  Cottonwood, 
LittloCottonwood,uud  American  Forkdistricts. 
In  several  mines  it  is  a  valuable  ore  mineral. 

B< a  write .— Beaverite,  Cu  O .  PbO.  F^O^SO,.  - 
4HjO,  like  the  other  basic  ferric  sulphates, 
is  a  product  of  the  oxidation  of  sulphide  ores! 
It  was  first  described  from  the  Horn  Silver  mine, 
San  Francisco  district.  Material  containing 
the  same  constituents  and  possibly  identical 
with  bcaverito  occurs  in  tlto  Little  Cottonwood 
and  Ophir  districts. 

TUNGSTATES  AND  MOLYBDATES. 

Scheditc.  Scheclite,  calcium  tungstate, 
(tungsten  trioxide,  SO.G  per  cent-  cul- 
oium  oxido  19.4  por  cent),  occurs  in  veins  in 


quartz  monzonite  in  the  Clifton  district;  it 
also  occurs  15  miles  northeast  of  Lucin,  as  a 
contact  deposit  in  limestone  associated  with 
the  Grouse  Creek  stock. 

Ouproschcelite. — Cuproscheclite  is  reportedby 
F.  L.  Hess  from  the  Clifton  district. 

Powettite. — Powollite,  calcium  molybdate, 
CaMo04,  occurs  hs  nn  oxidation  product  of 
molybdnto  in  the  Clifton  and  Denver  Lake 
districts. 

Stolzite.— Stolzite,  lead  tungstate,  PbW041 
occurs  in  replacement  veins  in  limestone  in  the 
Clifton  district. 

Wulfenite. — Wulfenite,  lead  molybdate,  Pb- 
Mo04,  ocelli "s  as  an  oxidation  product  in  the 
Lucin  district,  especially  in  the  Tecoma  mine, 
in  several  mines  in  the  Little  Cottonwood  nnd 
American  Fork  districts,  in  the  Harrington- 
ITickory  mine,  Star  district,  und  in  the  Horn 
Silver  mine,  San  Francisco  district. 


HISTORY  AND  PRODUCTION. 

By  V.  C.  IT kikes. 

CIVIL  HISTORY. 

The  early  history  of  the  mining  industry  of 
Utah  is  closely  bound  up  in  that  of  the  explora¬ 
tion  and  settlement,  of  the  region,  an  outline 
of  which,  prepared  by  Henry  Gannett,1  is  in 
large  part  quoted  below : 

The  Territory  of  Utah  was  organized  September  9,  1850, 
its  area  being  a  part  of  that  acquired  from  Mexico  by  the 
United  States  in  1S-18.  As  originally  organized,  it  ex¬ 
tended  from  the  summit  oi  the  Reeky  Mountains  in  central 
Colorado  westward  to  the  east  boundary  of  California, 
including  all  the  territory  between  the  parallels  of  37°  and 
•12°  north  latitude. 

The  organization  of  Colorado  Territory  in  1801  reduced 
it  on  the  east  to  itapresent  eastern  boundary-,  and  tho  forma¬ 
tion  oi  tho  Territory  of  Nevada  in  the  same  year  reduced 
it  on  the  west  to  tho  meridian  of  39°  west  of  Washington. 
Too  enabling  act  of  tho  State  of  Nevada,  passed  in  1864. 
moved  tho  west  boundary  of  Utah  a  degreo  farther  east, 
placing  it  upon  the  meridian  of  38°,  and  upon  the  admis¬ 
sion  of  Nevada  as  a  State  in  18C»G  Utah  was  still  further 
diminished  and  Nevada  increased,  the  eastern  boundary 
of  the  lutier  being  placed  upon  the  meridian  of  37°  west 
of  Washington.  Meantime,  iu  1883,  the  northeast  comer 
of  the  State  was  cutoff  and  added  to  tho  Territory  of  Idaho, 
and  in  18G6  a  square  degree  in  the  northeast  was  added  to 
’he  Territory  of  Wyoming,  thus  reducing  Utah  to  its  pres¬ 
ent  dimensions.  {.8eo  fig.  II.]  On  January  4  1306,  >< 
was  adnutted  as  a  State. 

Tho  area  of  the  State  is  84.970  square  miles,  of  which  it 
is  estimated  that  2,780  squaro  miles  aro  water  surface,  in* 
eluding  Grv-.it  Salt,  Utah,  and  other  lakes,  and  82.196 
square  miles  are  land  surface. 

lr‘r£— ”,  R"nr.v.  A  p>:rlUvr  ol  Utah;  V.  8.  Gcol.  Survey  Hull- 1», 
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From  a  very  early  time  thia  region  was  traversed  by 
Spanish  caravans,  traveling  from  Santa  Fo.  N.  Mt.X  i  t'0 
Jaw  Angeles.  Cal.  The  old  Spanish  trail,  which  these  cara¬ 
vans  followed.  entered  Utah  oil  the  east  near  Dolores  River, 
crossed  the  Grand  near  the  Sierra  La  Sal.  and  the  GrceD 
at  the  present  crossing  of  the  Rio  Grande  Western  Railway. 
It  reached  the  valley  of  Sevier  River  near  its  bend,  and 
_  turning  south  followed  its  valley  to  the  head  and  down  the 
‘  Virgin  to  a  point  near  its  southwest  corner.  This  traffic, 
which  at  one  time  was  great,  left,  however,  no  trace  behind 
in  tho  form  of  a  settlement,  and  it  was  not  until  tho  hegira 
of  the  Mormons  from  1  ho  Mississippi  Valley  iu  18-17  that 
tho  present  State  of  Utah  received  any  permanent  in¬ 
habitants. 

The  earliest  recorded  exploration  of  any  part  of  Utah 
was  a  journey  by  two  Franciscan  fathers,  Escalante  and 
Dcmingucs,  from  Santa  Fc.  X.  Mex.,  to  tho  shores  of  Great 
.Salt  Lake,  in  177C-77.  So  far  as  can  be  learned,  their 
route  followed  in  the  maiu  that  of  the  old  Spanish  trail, 
and  it  is  not  at  all  improbable  that  they  were  the  pioneers 
in  laying  out  the  western  part  of  this  routo  to  southern 
California.  So  far  a a  known,  they  were  the  first  white  men 
to  visit  the  eastern  part  of  the  Great  Basin  of  Utah.  This 


Fionas  11.— Map  of  Utah  showing  changes  of  boundary. 

journey  was  not,  however,  fruitful  in  geographical  discov¬ 
ery,  ^excepting  tho  fact  that  it  may  have  determined  the 
route  of  travel  between  the  Spanish  settlements  of  New 
Mexico  and  those  of  California. 

Between  1832  and  1836  Capt.  B.  L.  E.  Bonneville,  of 
the  United  States  Army,  while  on  leave  of  abeence,  en¬ 
gaged  in  the  fur  trade  in  the  West  aud  coupled  with  it  a 
certain  amount  of  exploration.  Ho  traveled  extensively 
over  tho  northeastern  part  of  Utah,  including  tho  area 
drained  by  Bear  River  and  its  tributaries,  and  sent  a 
brunch  expedition,  under  Capt.  Walker,  to  Great  Salt 
Fake,  down  Humholdt  River,  and  across  the  Sierra  Ne¬ 
vada  to  California,  returning  by  the  routo  of  the  Spanish 
trail.  No  maps  wero  prepared,  and  the  only  information 
derived  from  these  explorations  is  contained  in  Washing¬ 
ton  Irving's  narrativo,  which  is  very  scanty  and  often 
erroneous. 

3 he  real  exploration  of  Utah  began  in  1812,  when  Capt. 
J.  C,  I-rd-uicnt  with  an  army  expedition,  entering  the  re¬ 
gion  via  Bear  River,  explored  Great  Salt  Lake  and  the 
ad jacen t  region .  Upon  his  return  from  California  in  the 
following  year  be  entered  thoTerritory  again,  on  the  south, 
'ia  Virgin  River  and  the  Sevier,  reaching  Utah  Lake,  and 

ouce  proceeded  northeastward  down  Uinta  River. 


Subaxpient  expeditions  under  army  auspices,  notahly 
those  of  tho  Pacific  Railroad  explorations,  Capt.  Stans- 
bury's  survey  of  Great  Salt  Luko.  and  ('apt.  Simpson’s 
explorations,  made  the  main  features  of  tho  Territory  well 
known. 

Green  and  Colorado  rivers,  which  (low  mainly  within 
this  Stale,  wero  explored  by  a  daring  boat  journey  under¬ 
taken  and  carried  through  by  .1.  W.  Pow.  II  in  HOT  and  in 
the  course  of  this  exploration  llio  greater  features  of  tho 
plateau  region  traversed  by  the  rivers  were  delineated  and 
their  eirueturo  was  explained. 

Tho  explorations  of  the  geologists  of  tho 
Fortieth  Purnllel  Survey,  Messrs.  King,  Hague, 
and  Emmons,  of  the  Wheeler  and  Hayden 
surveys,  and.  later  of  tho  United  States  Geo¬ 
logical  Survey,  carried  on  mainly  by  Messrs. 
Powell,  Gilbert,  Walcott,  Marvins,  Howell, 
Holmes,  Peals,  and  Dutton,  early  gave  a 
general  knowledge  of  the  geography  and 
geology  of  tho  State,  which  has  later  been 
studied  in  greater  detail  in  many  areas  by 
members  of  the  United  States  Geological 
Survey  and  others. 

Although  tho  early  explorations  of  the  area 
date  back  to  the  time  of  tho  Declaration  of  ' 
Independence,  1776,  no  permanent  settlement 
of  white  peoplo  was  made  till  1847.  On  July 
24  of  that  year  a  company  of  Mormons,  under 
tho  leadership  of  Brigham  Young,  arrived  in 
tho  valley  of  Great  Salt  Lake  and  formed  a 
settloment  on  the  site  of  Salt  Lake  City.  The 
first  pioneers  wore  quickly  followed  by  many 
of  their  fellows  who  had  boon  driven  from  their 
homes  in  the  Mississippi  Valle}',  so  that  by  1850 
the  Territory  had  a  population  of  1 1 ,380  people. 
Under  tho  direction  of  the  Mormon  Church 
colonization  was  rapid,  and  25  years  after  the 
arrival  of  tho  first  immigrants  at  Salt  Lake 
settlements  had  been  established  on  nearly  all 
the  important  streams  where  irrigation  was 
practicable  or  where  conditions  were  especially 
favorable  to  stock  raising. 

The  rapid  increase  of  population  of  the  State 
is  shown  in  the  following  table: 

Population  of  Utah  at  the  consul  yurs  since.  lftOO, 


Year, 

Popula¬ 

tion. 

Per  cent 
of  in¬ 
crease. 

1800  . 

11,380 

I860 . 

to;  273 

264 

1870 . 

86, 786 

116 

1880 . 

1-13, 9  63 

06 

1S90 . 

207 j  9(15 

<15 

1900  . 

276,  7 19 

33 

1910 . 

373,351 

35 
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MINING  HISTORY. 


In  contrast  with  many  of  tho  Cort^illcran 
States  tho  rancher  preceded  the  prospector,  and 
many  agricultural  communities  were  well  es¬ 
tablished  before  mining  became  of  any  impor¬ 
tance.  Several  factors  doubtless  contributed 
to  this  order  of  development.  The  leaders  of 
the  Mormon  Church  for  several  yearn  dis¬ 
couraged  prospecting;  the  rich  and  extensive 
placer  deposits  that  were  the  first  incentive  to 
mining  in  many  western  camps  were  lacking; 
and  the  lode  deposits,  though  many  of  them 
were  very  rich,  required  extensive  machinery 
for  profitable  exploitation. 

That  the  settlers  were  aware  of  the  presence 
of  metalliferous  deposits  in  the  mountains  is 
shown  by  tho  fact  that  in  the  fifties  some  lead 
ore  was  crudely  reduced  to  bullion  for  use  as 
bullets.  In  1859  a  Government,  report*  men¬ 
tions  the  existence  of  n  rich  mine  of  lead  ore 
in  Washington  County,  near  tho  Vagas  (now 
Las  Vegas,  Nev.)  According  to  the  records 2 
of  the  Las  Vegas  Mormon  Mission  four  members 
'who  were  taken  to  this  niino  by  a  Piute  Indian 
guido  on  April  2L,  1856,  returned  two  days 
Inter  with  ISO  pounds  of  the  ore  and  reported 
that  they  had  procured  it  35  miles  southwest  of 
Las  Vegas.  In  December,  1856,  some  of  this 
ore  was  reduced  to  metal. 

Isaac  Grundy,  who  is  credited  with*  building 
a  lend  furnace  (the  first  west  of  the  Rocky 
Mountains'  in  the  Lincoln  district,  was,  ac¬ 
cording  to  the  records  of  the  Mormon  Church, 
a  Virginian  who  came  to  Salt  Luke  City  in 
1S47,  and  years  later  was  called  upon  by 
Brigham  Young  to  develop  tho  lead  mines 
near  the  place  later  called  Minersville.  The 
first  motal  produced  in  the  State  is  said  to 
have  been  from  the  Rollins  or  Lincoln  mine  in 
this  district. 


An  event  of  great  importance  in  the  mining 
industry  of  Utah  was  the  arrival  in  October, 
1S62,  of  Gen.  E.  P.  Conner,  with  his  California 
volunteers,  who  established  themselves  at 
Camp  Douglas,  overlooking  Salt  Lake  City. 

Parties  of  these  soldiers,  most  of  whom  were 
prospectors,  began  searching  the  mountains 
for  metals.  Whether  Gen.  Conner  doliber- 


'  Kxptwmjom  icrou  Ibo  Clnut  Buio  ol  Utah;  conluiiis  Wtlcr  dat 
Miuvh  M  1819,  rtmcvrrtn*  thn  nrairoK  of  VliOi,  from  Dr.  Garluj 
Hurt,  of  Suit  LaVo  City,  to  Capl.  i.  H .  Simp  « ,  »t  Comp  Floyd. 

•  nistorluo's  Oflioo,  Mormon  (Turn'S,  Suit  Lu.-o  City. 

■  Eisslcr,  Manuel,  Meullnrgy  of  argentiferous  lead,  preface,  ISM. 


I  ately  encouraged  prospecting  with  the  hope  of 
;  causing  an  influx  of  gentile  population,  as  the 
Mormon  lenders  are  reported  to  have  discour¬ 
aged  it  to  prevent  such  an  influx,  may  be 
doubted.  Hismen,muuyofwhom  had  seen  the 
gold  excitement  of  California,  doubtless  needed 
little  encouragement. 

Tho  year  following  the  coming  of  the  Cali¬ 
fornia  soldiers  metalliferous  deposits  were  lo¬ 
cated  in  the  ranges  in  the  vicinity  of  Salt  Lako; 
on  September  17,  1863,  the  first  mineral  loca¬ 
tion  in  Utah  (the  West  Jordan  claim)  was 
made  in  Bingham  Canyon ;  and  in  December 
the  first  mining  district  (the  West  Jordan)  was 
formed.  After  this,  discoveries  and  locations 
were  made  rapidly.  In  1865  the  production 
of  gold  from  the  placers  in  Bingham  Canyon 
began,  but  it  was  not  till  1870  that  produc¬ 
tion  from  the  lead-silver  deposits  of  the  State 
became  important.  Since  that  time,  except 
for  a  few  depressions,  increase  in  the  metal 
output  has  been  steady. 

RAILROAD  CONSTRUCTION. 

GENERAL  FEATURES. 

In  1840-50  Capt.  Stansbury  was  detailed 
by  the  Government  to  find  a  route  for  a  trans¬ 
continental  railroad;  and  in  1853  Lieut.  Gunni¬ 
son  was  detailed  to  survey  a  route  south  of  the 
Uinta  Mountains  through  centrul  Utah  to 
California  but  was  killed  by  the  Indians  in 
Utah.  The  Union  Pacific  was  completed  to 
Ogden  in  1869  and  the  Utah  Central  to  Salt 
Lake  in  1870. 

On  the  advent  of  these  railroads  ntetal 
production  became  important,  and  as  each 
branch  lino  was  completed  a  notable  increase 
in  output  was  observed.  Several  smelting 
towns,  Sandy,  Midvale  (Bingham  Junction), 
Murray  (Germania),  and  Morgan,  were  built 
along  the  uew  lines  south  of  Salt  Lake,  and 
severul  smeltors  along  the  branch  line  to 
|  Bingham.  The  road  from  Sandy  to  Alta  was 
also  beneficiul,  and  ns  the  railroad  extended 
southward  other  mining  regions  were  benefited, 
notably  Tintic  and  several  districts  in  Beaver 
County. 

The  principal  railroad  systems  operating  in 
Utah  to-day  are  tho  Union  Pacific  (Oregon 
Short  Lino  and  Southern  Pacific),  the  Denver 
J  &  Rio  Grande,  the  Western  Pacific,  and  tho 
1  Los  Angelos  &  Salt  Lake. 
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UNION  PACIFIC  SYSTEM. 

The  first  lino  built  was  tho  Union  Pacific 
Railroad,  which  reached  Ogden  on  March  3, 
1S(>9,  and  Promontory  on  May  10,  1S69,  com¬ 
pleting  tho  first  transcontinental  railway  by 
connecting  there  with  tho  Central  Pacific  Rail¬ 
road.  In  1904  the  Southern  Pacific  Ogden- 
Luein  cut-off,  with  an  easier  grade  and  less 
mileage,  was  built  farther  south  across  the 
Great  Salt.  Lake,  and  now  handles  most  of  the 
traffic,  though  trains  are  still  operated  over 
tho  old  lino  and  serve  the  Park  Valley  district . 
in  Box  Elder  County  and  the  northern  end 
of  Promontory  district. 

The  Utah  Central  Railroad  Co.  started  con¬ 
struction  from  Ogden  May  17,  1869,  a  week 
after  the  completion  of  tho  transcontinental 
route,  and  completed  the  37  miles  to  Salt  Lake 
City  on  January  10,  1S70.  In  1SS1  it  was  con¬ 
solidated  with  the  Utah  Southern.  In  1890 
tho  Utah  &  Nevada,  Utah  &  Northern,  Salt 
Lake  &  Western,  Oregon  Short  Line,  and 
Echo  &  Park  City  railroads  wore  united  under 
the  management  of  tho  Union  Pacific  as  the 
Oregon  Short  Line  and  tho  Utah  &  Northorn 
railroads.  Later,  the  line  north  of  Salt  Lake 
was  taken  over  by  the  Oregon  Short  Line,  and 
all  the  lines  south  of  Salt  Lake  (including  the 
Utah  C’ontral)  not  owned  by  tho  Denver  & 
Rio  Grando  by  the  Los  Angeles  &  Salt  Lake 
Railroad. 

The  Echo  &  Pork  City  Railroad  was  com¬ 
pleted  from  Echo  to  Park  City  in  December, 
1880,  as  a  broadguge  brunch  of  tho  Union 
Pacific.  It  soon  replaced  two  other  roads,  the 
Summit  County  Railroad  from  Echo  to  Conl- 
villo  and  tho  Utnh  Eastern  Railroad  from 
Coalvillo  to  Park  City. 

Tho  Utah  &  Northern  Railroad  was  organ¬ 
ized  August  23,  1871,  and  was  completed  from 
Brigham  to  Logan  in  Cache  County  January  1, 
1873,  and  to  Franklin,  Idaho,  in  May,  1874. 
It  connected  with  tho  Central  Pacific  at 
Brigham  and  also  at  Corinne,  4  miles  farther 
west.  On  February  8,  1874,  the  road  was 
extended  to  Ogden  and  operated  independently 
till  February,  1877,  when  it  was  purchased  by 
the  Union  Pacific  Railroad,  mado  broadgago, 
and,  in  1S90,  absorbed  by  the  Oregon  Short 
Lino  system. 


DENVER  &  RIO  GRANDE  SYSTEM. 

The  Denver  &  Rio  Grande  Railroad  began 
construction  in  Colorado.  Its  lino  in  Utah 
wus  the  Rio  Grando  Western,  a  narrow-gage 
road  begun  in  1SS1,  completed  in  May,  1883, 
and  widened  to  standard  gage  in  May,  1890. 

In  Juno,  1890,  the  company  began  the  con¬ 
struction  from  Thistle  Junction  southward 
through  San  Peto  aud  Sevier  valleys  of  a 
branch  lino  which  it  completed  to  Murysvole, 
its  southorn  terminus,  in  1900.  In  1891  it 
built  a  branch  lino  from  Springvillc  to  Eureka 
and  Mammoth  in  tho  Tintlc  district. 

Other  branches  of  the  Rio  Grande  Western 
arte  the  Alta  branch  (Wasatch  &  Jordan  Valley 
Railroad),  between  Sandy  and  Wasatch;  Bing¬ 
ham  branch  (Bingham  Canyon  <fc  Camp  Floyd 
Railroad),  between  Midvale  and  Bingham; 
Pleasant  Valley  branch,  between  Colton  on  the 
main  line  and  Clear  Creek;  Park  City  branch, 
between  Roper  on  tho  main  line  and  Park  City. 
The  oldest  of  these  branches  is  tho  Bingham 
Canyon  &  Camp  Floyd,  which  was  completed 
from  Sandy  to  Bingham  by  December  1,  1874, 
was  bought  in  1883  by  the  Rio  G  mode  Western, 
and  was  made  standard  gage  in  1890.  It  now 
connects  with  the  main  line  at  Midvale  (Bing¬ 
ham  Junction). 

Tho  Wasatch  &  Jordan  Valley  Railroad  was 
completed  to  Granite  on  May  3,  1S73,  to  Fail- 
field  Flat  on  September  28,  1873,  and  later  to 
Alta.  The  road,  about  8  miles  of  which  was 
covered  by  snowsheds,  was  abandoned  from 
Granite  (now  called  Wasatch)  to  Alta  in  tho 
eighties,  but  its  lower  part  to  Wasatch  was 
later  repaired  and  used  to  haul  granite  to  bait 
Lake  City  and  ore  from  Wasatch.  Tracks  were 
laid  on  the  old  roadbed  from  Midvale  to 
Wasatch  in  1913-14.  The  line  is  now  known 
as  tho  Salt  Lake  &  Alta  Railroad.  A  narrow- 
ease  line  was  completed  from  W  asatch  to  Alta 
in  1918. 

The  Utah  &  Pleasant  Valley  Railroad  was 
commenced  in  1876,  and  in  1883  became  part 
of  the  main  line  of  the  Rio  Grande  IN  estern. 

ThoSan  Peto  Valley  Railroad,  which  extends 
from  Nephi  through  Salt  Creek  Canyon  to 
Morrison  is  now  operated  by  the  Denver  &  Rio 
I  Grando  Railroad. 
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Tbn  Salt  Lake  &  Eastern  Railroad,  now  the 


Park  City  branch  of  the  Denver  &  Rio  Grande, 
was  finished  in  1890. 

The  Western  Pacific  Railroad,  part  of  the 
Rio  Grande  system,  was  started  in  1905  to 
connect  Salt  Lake  City  with  San  Francisco. 

Jn  1917  a  branch  lino  of  the  Western  Pacific 
was  established  from  Wcndovcr  to  Gold  Hill  in 
tho  Clifton  district, 

LOS  ANGELES  &  SALT  LAKH  RAILROAD. 

Early  in  1905  tho  Los  Angeles  &  Salt  Lake 
Railroad  wuS  completed  from  Salt  Lake  to  Los 
Angeles  and  San  Pedro.  The  Ophir  district  is 
connected  with  tho  line  at  St.  John  by  the  St. 
John  &  Ophir  branch. 

Tho  Utah  Southern  Railroad  was  begun  at 
Salt  Lake  May  1,  1871,  and  had  reached  Provo 
by  December,  1873,  and  Juab  by  June,  1879. 
From  Juab  the  road  was  continued  by  the 
Utah  Southern  Railroad  Extension  Co.  to  Mil¬ 
ford  in  May,  1880.  The  Horn  Silver  mine  in 
the  town  of  Frisco  was  reached  Juno  23,  1880. 
Continuation  of  this  branch  to  Newhouse,  the 
present  terminus,  was  completed  in  1905.  The 
lino  from  Milford  was  continued  to  Modena,  and 
thence  to  the  Pacific  coast  by  the  Los  Angeles 
&  Salt  Lake  Railroad. 

In  1872  the  Salt  Lake,  Sevier.  Valley  & 
Piocho  Railroad,  afterward  called  the  Utah 
Western  and  also  the  Utah  &  Nevada,  a 
narrow-gage  road  designed  to  serve  the  mines 
and  smelters  at  Stockton  and  Ophir,  was 
begun  and  after  some  years  was  finished  to 
Terminus,  near  Stockton.  The  road  was 
subsequently  purchased  by  the  Union  Pacific 
system  and  in  1905  mode  part  of  tho  broad- 
gago  lino  of  the  Los  Angeles  &  Salt  Lake 
Railroad. 

Tho  Salt  Lake  &  Western  Railroad  was  built 
as  a  branch  of  tho  Union  Pacific,  winch  subse¬ 
quently  turned  it  over  to  tho  San  Pedro,  Los 
Angeles  &  Salt  Lake  Railway  Co.  It  starts 
from  Lohi,  in  Utah  Valley,  serving  Fairfield, 
the  junction  of  the  abandoned  line  to  Mercur. 
Short  spurs  were  built  to  Mammoth  and  Silver 
City,  and  tho  line  was  completed  to  Eureka  in 
18S3. 

Tho  Salt  Lako  5b  Mercur  Railroad,  a  broad- 
gngo  lino,  was  completed  in  1895  and  dismantled 
in  1914,  a  year  after  most  operations  at  Mercur 
had  coased. 


Tire*  American  Fork  Railroad,  from  the  old 
Utah  Central  station  on  American  Fork,  to 
Deer  Creek  in  American  Fork  Canyon,  was 
completed  in  1S72  but  was  soon  abandoned. 

In  1907  the  Eureka  Hill  Railwuy  Co.  built  u 
narrow-gage  railroad  to  connect  various  mines 
with  tho  smelter  and  ore  sampler  at  Silver  City 
in  tho  Tint ic  district. 

The  Bingham  &  Garfield  Railroad,  owned 
by  the  Utah  Copper  Co.,  was  completed  in  1911 
to  haul  oro  to  the  Garfield  mill. 

METALLTTRGIC  DEVELOPMENT. 

Utah  has  been  the  scene  of  many  important 
advances  in  motallurgy,  and  an  adequate  treat¬ 
ment  of  tho  development  of  processes  in  use 
within  her  borders  would  require  much  study 
and  a  volume  for  its  presentation.  No  serious 
attempt  is  therefore  made  in  this  paper  to  treat 
this  phaseof  tho  mining  industry  systematically, 
though  its  commercial  importance  is  commen¬ 
surate  with  that  of  the  development  of  tho 
mines.  Only  tho  general  changes  in  treatment 
are  outlined  and,  in  the  history  of  the  several 
districts,  the  general  treatment  of  tho  ores  at 
different  stages  is  stated. 

In  tho  early  days  of  tho  industry  most  of  tho 
raetallurgic  plants  were  at  the  mines  or  as  near 
them  as  suitable  supplies  could  bo  had.  The 
plants  consisted  mainly  of  mills  for  tho  treat¬ 
ment  of  the  silver  ores  and  of  crude  smolters, 
which  often  failed,  for  the  reduction  of  the 
oxidized  lead  ores.  Later  there  was  a  marked 
tendency  to  concentrate  the  smelters  in  Salt 
Lake  Valley  and  to  bring  tho  ores  and  fuel  to 
them.  This  change  was  probably  largely  due  to 
the  greater  efficiency  of  the  larger  plants,  the 
advantages  to  he  gained  by  mixing  t  he  ores  of 
different  districts,  and  the  exhaustion  of  the 
fuel  supply  in  many  districts. 

Still  later,  when  the  rich  oxidized  ores  wore 
exhausted,  it  became  necessary  to  erect  mills 
at  or  near  tho  mines  to  concentrate  the  metallic 
constituents  and  in  some  ores  to  separate  the 
different  metallic  minerals,  which  were  then  sent 
to  the  smelters  for  reduction.  Such  mills  have 
been  erected  in  tho  Park  City, Bingham,  Qiid  other 
districts.  In  recent  years  the  development  of 
tho  largo  bodies  of  low-grade  copper  ores  of  tbs 
Bingham  district  has  resulted  in  the  erection 
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of  the  groat  mills  at  Garfield,  where  more  than 
30,000  tons  of  ore  can  ho  daily  concentrated, 
and  the  smaller  mill  at  Lark.  A  mill  was  also 
constructed  at  Newhouse  to  treat  the  oro  from 
the  Cactus  mine. 

In  tho  treatment  of  gold  ores  Utah  was  n 
pioneer  in  developing  the  cyanide  process, 
which  transformed  the  operations  of  the  Morcur 
camp  from  a  forlorn  hope  to  an  important  com¬ 
mercial  enterprise. 

At  present  most  of  tho  ores  and  concentrates 
produced  from  the  mines  in  Utah  arc  treated 
at  the  four  valley  smelters,  but  the  zinc  ores, 
which  in  recent  years  have  become  of  increas¬ 
ing  importance,  are  still  mostly  shipped  out  of 


tho  Slate  for  final  treatment-,  though  electro¬ 
lytic  plants  for  producing  zinc  are  iu  operation. 
Several  mills  for  the  treatment  of  gold  ores  are 
operated,  ami  in  tho  last  few  years  processes 
havo  boon  developed  for  the  treatment  of  ores 
that  are  chiefly  valuable  for  their  silver.  It  is 
expected  that  theso  processes  will  make  it 
possible  to  rework  much  of  the  wusto  of  earlier 
operations. 

The  relat  ivo  importance  of  the  different  types 
of  treatment  are  indicated  in  the  following 
tables,  which  show  the  output  of  the  mills  by 
amalgamation  and  by  eynnidation  and  of  the 
smelters  from  crude  oro  and  from  concentrates 
for  the  period  1003-1916. 


Tonnage  of  and  recovery  from  ores  handled  by  gold  and  silver  mills  by  amalyamaticn  and  cyanidation,  l'jn.1-J9I7. 


Year. 

Quantity 

(short. 

tons). 

Gold. 

Silver. 

Total  valuo. 

Average 
recovery 
value 
per  ton. 

Pine 

ounces. 

Valuo. 

Value 
per  ton. 

Fine 

ouncca. 

Value. 

Ounces 
per  ton. 

ion.l . 

4*16,  1 11 

84,051.09 

81,749,991 

$3.93 

121,046 

$66,  988 

0.28 

$1,  816,  876 

$4. 08 

1904 

3(53,  883 

67  773.00 

1  19-1,  271 

3. 23 

72, 493 

42, 046 

.  20 

1*236  320 

a.  10 

1005 . 

•tUt  530 

(Mi  117. 00 

lj  32S|  416 

3.18 

80,'  713 

49]  235 

19 

1,  365;  (161 

3.  28 

1000 . 

408,712 

01, 365.  60 

1,  268, 540 

3. 10 

52,  994 

36, 016 

.  13 

1,  304,  576 

3. 19 

1907 . 

2(13, 020 

41,607.00 

S5S,  027 

3. 20 

42,049 

27,  752 

.  10 

685,  779 

3.  37 

1908 . 

313,815 

45, 968. 09 

950,  245 

3.03 

18,662 

9,  S91 

.00 

'*  960, 130 

3.06 

193!) . 

237,  059 

39,861  43 

S24, 009 

2. 86 

6, 153 

2,680 

.02 

826,  089 

2.87 

1910 . 

203,041 

36, 4S0. 92 

754.  127 

2. 87 

4,612 

2,490 

.02 

*756,017 

2.88 

1911 . 

207,  111 

30, 312.  22 

626,  609 

2.36 

112,493 

59,  621 

.42 

<  <66, 230 

2.57 

1912 . 

171,  117 

21,288.69 

140,  070 

2. 67 

64,  468 

39, 648 

.39 

4  479,  724 

2.80 

1913 . 

76,  972 

13,117.41 

271,161 

3.67 

61,032 

36,  863 

.80 

*  308, 024 

1.05 

1914 . 

2,  100 

739,  33 

16,  2.82 

7  06 

11,630 

0, 379 

5. 33 

/21,  700 

10. 02 

1915 . 

2,  107 

1,  388. 88 

28,708 

13.25 

6,  491 

3,  292 

3.00 

032  003 

14.77 

1910 . 

1,423 

.  309  09 

6,  389 

4.  49 

340 

•224 

.24 

0.C13 

4.  G5 

1917 . 

199 

140.  66 

2,  DOS 

15.31 

26 

21 

" 

2,  929 

15.  42 

*  Include  bullion  from  32.773  ions  of  old  Ui Hides  rc-tredted  by  cyanldulion. 

6  Include*  bullion  from  31,751  ions  of  ukl  tailing  ro*ti*uU)d  by  oy*nldntlon. 

« Includes  bulttou  from  4,hO0  ton*  of  old  tailing*  ro-treated  by  ryanidu’ion. 

Include  bullion  from  200  tons  of  old  tailings  re*lr«*-Atad  by  amalf!nniatlon. 

•  Inclutfas  bullion  from  7,125  tons  of  old  tailings  rc-trca'od  by  oytuiidutloa. 

/Indudfts  bullion  from  15,500  tons  of  old  tatting*  ntdfr-itad  by  cvauldatlon.  ^  .  ...  .... 

a  Includes  bullion  from  4G  tons  ol  old  tailings  ie-trcat>  1  by  amttlgamnr.ou;  end  bullion  flora  11,250  tons  of  old  tailing re-ticua-d  by  cynnl<  lotion. 


Crude  ore*  produced  in  Ulnh  and  ship  jut!  to  smelters,  by  tirul j«,  1903-191 7. 


Quantity 

Gold. 

Silver. 

1 

t  upper. 

Lead 

• 

Kind*  of  crude  ore. 

(short 

tons). 

Fine 

ounce*. 

|  Value 

1  per  ton. 

Fine 

ounces. 

Ounces 
per  ton. 

Pounds. 

Per 

Ceul. 

Pounds.  1 

Per 

cent. 

Dry  or  siliceous.- 
1003..  . 

67,  463 
53,036 

67, 573 

35, 784.  75 
25, 129.  00 
11,302.00 

$10.  96 
9.  79 

932, 713 
770. 900 
756;  512 

13  82 

847, 239 
221,  648 

0.  G3 
.  *21 

379,  970 
662, 047 
1,  445,  00-1 

0.26 

62 

190-1 . 

14.  53 

1905 . 

4.06 

13.  14 

4«;  799 

.39 

1.25 

1900 . 

86,  912 
37, 002 
7,646 
21,101 
93.  772 

25. 225.  89 

6.  00 

863,  868 
337,  376 
195,411 
397, 922 
643,886 

9.  94 

714,  763 

.41 

1,169,687 
51,126 
69,  580 
357,  285 
522,  889 

.67 
.  07 

1907 . 

25, 860.  93 
2,213.41 
9,110.84 
10,  736.  91 

14.  45 

9.  12 

120,527 

9,911 

.  16 

1908 . 

5.  98 

25.  56 

.0G 
.  71 

45 

190JI . 

8.  92 

18.  36 

299, 031 
1, 029,  927 

.  So 

1910 . 

2  37 

5.  70 

.55 

.28 

1911 . 

189.  424 

48, 567. 32 

5.  30 

2.451.673 

12.94 

S,  256, 340 

.86 

2, 552, 128 

.67 

1912 . 

196,  840 

49,  822. 50 

523 

3,410,636 

17.33 

3,326,787 

.84 

1, 763,  257 

.45 

1913 . 

127,  253 

19,  559.  62 

3.  17 

1,769,019 

13  90 

1,447,177 

.57 

1, 019,  255 

40 

1914  . 

89, 246 

17, 274.  07 

4.00 

1,005,761 

11.27 

1,  972, 88S 

1.  11 

686,  949 

.38 

1915. . . 

47,513 

7,817.78 

3.40 

1,018.  088 

21.42 

686,  681 

.72 

1,  010, 054 

1.06 

1910 . 

58,  514 

7,  940.  63 

2.  80 

946,  333 

16.  17 

977, 497 

.84 

2-16,  028 

.21 

1917 . 

97,  786 

18,846.31 

3.98 

1,  834,  547 

IS.  76 

1, 760, 377 

.90 

974,  335 

.50 

Copper:11 

1903 . 

517,  882 
677,  o87 

70,020.91 
98, 150. 00 

2  79 

2,291,016 
2,  824,  597 

4.42 

26, 622, 504 
35,718.  670 

2.  57 

750 

190-1 . 

2.  99 

4.  17 

2.  64 

8, 169 

1908 . 

821,  154 
767, 008 

14-1,427.00 

132,260.84 

3.  64 
3.56 

3, 554, 0t>l 
2,  750,  200 

4  33 

40. 763,  987 
38,663,339 

2.48 

87,815 

256,410 

1900 . 

3.58 

2.  52 

.02 

1907 . •. . . 

908,319 

137,211.81 

3  12 

3,110,686 

3.42 

41,317,808 

2.  27 

02, 744 

. 

1908 . 

644, -188 

93, 245.  58 

2.  99 

2,  282, 903 

3.54 

29,  987, 867 

2.33 

1,195.285 

.00 

1909 . 

753,  278 

93. 454.  82 

2.  56 

2,  257,  839 

3.00 

35, 315, 285 

2.31 

1, 547,  324 

.  10 

1910 . 

568,  845 

72,  713. 33 

2.  G4 

1,654,963 

2.91 

30, 116,632 

2.  65 

221, 127 

.02 

1911 . 

640, 729 

73, 160. 10 

2.36 

1,926.406 

3.  01 

32, 637, 950 

2.  55 

338, 688 

.03 

1912 . 

572,  354 

68,251.32 

2.46 

2, 187,  S69 

3  82 

25,000, 452 

2.  18 

2, 194,  021 

.  19 

1913 . . 

662, 892 

70,  385.  88 

3.  19 

1,988  922 

3.00 

25,719,652 

1.94 

147, 344 

.01 

10M . 1 

•171.  C2G 

62, 091  43 
63, 583.  24 

2.  72 

1,  367,  744 

1,  667,  586 

2.90 

17.209, 706 
21, 478, 606 

1.  82 

2, 179 

1915 . 

509,  762 

2.  58 

3.  27 

2. 10 

20;  101 

.02 

10115 . 

732.080 

66, 367.  81 

1.87 

2, 144,  660 

2.92 

29,962,228 

2.04 

6.  5-10 

Trace. 

1917 . 

617, 156 

44,  546.  28 

1.  49 

1,  C98,  621 

2.  75 

28,262,873 

2.  29 

12,  772 

. .  .do. . 

Lead : 

1903 . 

150,862 

15,  502.  48 

2.12 

6, 965,  581 

46.  17 

3,  233,  847 

L  07 

73,420.251 

24.  33 

190-1 . :  . . 

187,  620 

15,  210.  00 

1.68 

6,317,459 

33.  67 

3,  000, 313 

.80 

86,  263,  622 

22.  99 

1906 . 

179,  679 

20,  014.  00 

2.  30 

4,594,862 

25.  57 

2,215,582 

.62 

77,411,488 

21.  54 

1900 . 

266,  450 

23,119.96 

1.79 

5, 999, 799 

22.  52 

2.  631,334 

.49 

87, 927,  835 

16.50 

1907 . . . 

222, 685 

27,  620.  67 

2.  56 

5,429,476 

24.  3S 

1,987,936 

.45 

81.052,354 

18.  20 

1906 . 

130,931 

15,783.91 

2. 49 

4,  606,  856 

35. 18 

1,685,873 

.64 

62,423,595 

23.  84 

1909  . 

220, 61G 

30, 260.  82 

2.83 

7, 194,261 

32.  60 

2,356,409 

.53 

101,915,747 

23.  10 

1910 . 

221 , 643 

26,565  39 

2. 48 

5,926,111 

26.  74 

2,408.908 

.54 

69,  645. 351 

15.  71 

1911 . 

261,333 

22, 989. 65 

1.82 

5, 400, 455 

20.  66 

2,  587,717 

.50 

84.244, 320 

1G,  12 

1912 . 

252,888 

20, 647.  98 

1.  68 

5, 073,891 

20  06 

3, 058, 179 

.60 

83,  074.  776 

16.42 

1913 . 

357,196 

80, 343.  39 

1.76 

6,  241,  586 

17.47 

4,  5S2, 358 

.6-1 

107,  078,  919 

34.99 

Recoverable  zinc.  I 

Pounds. 

Per 

cent. 

. 

I 


Total 

value. 


Average 

gross 

value 
per  ton. 


$1,375,448 

$20. 39 

1,023, 423 

19.  30 

833, 96S 

14.48 

1,313,514 

15.  11 

784,  179 

21  19 

153, 512 

20.  08 

449,  494 

21.30 

669,  438 

7.  14 

2.  820,  203 

14.  01 

3,  755, 731 

19.  03 

1,741,961 

13.  69 

1,202,458 

13.  47 

845, 419 

17.79 

1,044,274 

17.  S4 

2,  465, 674 

25,21 

G.  331, 924 

12.23 

8, 239,  547 

12.16 

11,516,860 

14.02 

1 2, 080, 853 

15.  75 

13, 15G.  360 

14.  49 

7. 14G.097 

11.09 

7,  763, 480 

10.  31 

6,231,3.85 

10  95 

C,  G2S,  332 

10.  34 

6,  980,  226 

12.  19 

6,  649, 343 

10.  03 

4, 328.  883 

9. 18 

5,  919.  566 

11.61 

10.  154. 290 

13.  86 

10, 042,  757 

16,  27 

7,  608, 566 

50.43 

8,  071,921 

43  02 

7,  200,  563 

40.07 

10, 077,  530 

37.  82 

8,  847.  786 

39.  73 

5,612,070 

42  86 

9, 055, 273 

41.0-1 

7,119,581 

32. 12 

7,451,938 

28.51 

7,  790,  239 

30.80 

9,  SIS,  909  J 

27.  49 

ORIi  DEPOSITS  OF  UTAH 


19)4 . 

I  337. 233 

25,  793-  35 

1.  58 

6, 297,  819 

18.  67 

4,351,094 

.  05 

113,4-14,741 

|  10. 82 

1  . 

1915 . 

378,352 

42, 088.  65 

2.  30 

7,010,661 

18.  53 

5,  3C9,  070 

.  71 

133.  180,  077 

17.  63 

1 

1910 . 

45-1, 396 

27,  424.  38 

1.24 

7,  290, 424 

16.  05 

5,  334, 126 

.59 

134,  905,  027 

!  14. 84 

1 

1917 . 

446,  786 

23, 560.  56 

1.09 

6,  872,  954 

15.  38 

5,  259, 363 

.59 

121,166,005 

j  13. 56 

1 

Zinc: 

1 

190-1 . 

522 

1, 6-19 

3. 16 

3.32, 924 

31.89 

1906 . 

8,445 

95.  00 

.  23 

18'  108 

2  14 

1906 .  . 

0,451 

is!  iso 

2.  50 

1907 . 

12,251 

33, 059 

2.  70 

1 . 

h  1<M  132 

».>i  on 

1908 . 

99 

.99 

.21 

1,044 

10.  54 

11,536 

|  5.83 

Art  O 

27.  73 

1909 . 

3,  264 

1  ft!  7  «LlO 

1910 . 

4,876 

12.  77 

.  05 

5,911 

1.  21 

1,005 

.01 

206, 246 

1  2.  12 

2,  529,  565 

25.  94 

1911 . 

1,316 

1912 . 

a  391 

102.  06 

.22 

14,631 

1.  65 

624,  785 

3.33 

5,  506,4-12 

29.  80 

1913 . 

15, 300 

13,  576 

89 

871,435 

2.  85 

30.77 

1914 . 

4,  670 

. . 

1915 . 

17,  210 

.82 

10  818 

.03 

17 

1,250 

272, 737 

.79 

9, 449,  868 

O  1 .  w 

27. 45 

1916 . 

16,889 

2  914 

1917 . 

6,'  535 

60,  078 

.40 

Copper-lead: 

i 

Oj  UU  1,  i)Um 

1903 . 

2,129 

113.41 

1.  10 

38.  328 

18  00 

531, 133 

12.  47 

693  275 

16  28 

1904 . 

6, 100 

193.  00 

.78 

23,  668 

5.  62 

1, 386, 179 

13.  59 

1,  677i  931 

16.  45 

1905 . 

1,384 

245.  00 

3. 66 

44,  813 

32.  38 

'  140, 083 

5.  00 

753  834 

27  23 

) 

1906 . 

6, 183 

293.  02 

.98 

170,  528 

27-  58 

683, 966 

5.  53 

1, 182'  703 

y  56 

1907 . 

8,510 

783.  06 

1.  90 

307, 432 

36. 12 

818',  897 

4.  81 

1, 189, 932 

6  99 

1908  . 

2,874 

53.20 

.38 

62,  569 

21.  77 

265,  152 

4.61 

794, 114 

13.  82 

1909 . 

4,419 

95.  10 

.44 

98, 127 

22.  20 

528,  155 

5.98 

1, 422, 266 

16.  09 

1910 . 

5,223 

113.27 

.45 

157,  296 

30.  12 

404,959 

3.88 

3,  845, 108 

3fi  81 

1911 . 

2,219 

105.  68 

.98 

72',  849 

32.  83 

278, 772 

6.  28 

72S!  046 

16  41 

1912 . 

3,387 

170.  40 

1.04 

138,  719 

40.  96 

292,830 

4.  32 

852, 190 

12.  58 

1913 . 

2,740 

68.  57 

.62 

103, 931 

37.  93 

245, 193 

4.47 

909, 499 

16.  CO 

1911 . 

1,077 

65.42 

1. 2G 

33,941 

31  51 

90, 083 

4.  18 

234,425 

10.  86 

1915 . 

5,216 

62.99 

.25 

70,  836 

13.  58 

349, 692 

3.34 

905.  896 

S.  67 

1916 . 

9,592 

416.  38 

.89 

144,  753 

15.09 

556,  022 

2.90 

1,686,  061 

8. 79 

1917 . 

6,  326 

75.28 

.25 

91,447 

14.46 

385,  6S8 

3.  05 

i;  41<;  923 

11.  18 

I.oad-zine: 

1900 . 

897 

8.  00 

.  18 

8, 122 

9.  05 

231, 827 

12.  92 

656  457 

.30  59 

1910 . 

2,170 

6.  08 

.05 

845 

.39 

623 

.01 

432,463 

9.  96 

878,  117 

20.  23 

1911 . 

8, 033 

66.05 

.  17 

8, 282 

1.03 

4,092 

.02 

1,  723, 368 

10.76 

3, 805,  703 

23.  69 

1012 

1,402 

613 

.  44 

20) ,  433 

7.  18 

754^421 

2ft  00 

1913 

569 

33 

.06 

141.670 

12.  45 

307  032 

2G.  98 

1914 

6,  246 

3.06 

16,196 

2.  51 

1 , 060, 762 

8.21 

4  119  101) 

.31  89 

1015 

14 

234 

16.  71 

2,616 

7. 14 

7  068 

2LA% 

]91G 

9,505 

1.23 

Trace. 

1,974 

.21 

1,554  100 

8.  IS 

2  967  432 

15  fil 

}cil7 

3’  413 

2,00 

.01 

660 

.  Ill 

’  801,118 

11.  74 

'  754, 339 

11.05 

_ 

«  Part  ol  topji  r  ore  oonUUniiig  l«id  wus  Irmtcil  at  li-.ul  plants. 


9,019,330 
11,623,  611 
15, 987,943 
18, 006, 437 

17, 935 
315, 693 
191,327 
328,  273 
3.63S 
98,  147 
149,  272 
50,  039 
425,378 
573,  847 
152,  209 
1,  190.324 
1,  152,  550 
378,  993 

124,924 
270,  200 
89,  08-1 
321,430 
445, 938 
102,611 
182,  809 
307,  896 
108,  401 
175, 601 
142, 214 
41,  2*13 
140,989 
357, 122 
303, 884 


49,  807 
67,  IOC 
309,967 
61,496 
23, 448 
200, 466 
1,118 
506, 194 
14C,  424 


20.  74 
30.  72 

35.  18 

40.  30 

34.36 

37.  38 

29.  06 
26.  79 

36.  75 

30.  07 
30.  61 

38.  02 
45.  30 

37.  51 
32.  59 
69.  16 
OR  24 

57.  99 

58.  03 
52.  98 
64.  80 

51.  98 

52.  40 
35.  70 

41.  27 
58.  95 
48.  85 
51.  82 
51.90 

38.  30 
27.03 
37.  23 
48.04 

55.  52 
30.92 
37.  46 
43.  86 

41.  22 
40.  34 
79.  86 
53.  25 

42.  90 


HISTORY  AND  production. 


Concentrates  -produced  in  Utah  and  shipped  to  smelters ,  by  kinds,  19l).!-l!tt7. 


Kinds  of  concentrates. 

Quantity 

(short 

tons). 

Gold. 

Silver. 

Copper. 

Lead. 

Recoverable  r.inc. 

Total 

value. 

Average 
gross 
value 
per  ton. 

Fine 

ounces. 

Value 
per  ton. 

Fine 

ounces. 

Ounces 
per  ton. 

Pounds. 

Per 

cent. 

Pounds. 

Per 

Cent. 

Pounds. 

Ter 

cent. 

Dry  or  siliceouu: 

1SKM . 

885 

850.00 

$19.85 

27, 80S 

31.  42 

2,  900 

0. 16 

. 

$31, 071 

$38.  50 

1905 . 

15 

32.  00 

44.  07 

1, 132 

75.47 

JL,  851 

90.07 

1900 . 

69 

39-1.  85 

139.  34 

102 

L  73 

. 

8’,  231 

139.  51 

1907 . 

10 

17.  83 

36.80 

772 

77.20 

'878 

87.  80 

1913 . 

22 

55.02 

51.  G8 

1,424 

64.73 

. 

1 . 

1,997 

90.82 

1914 . 

62 

67.00 

22.34 

1,638 

26.  42 

.  . 

3,680 

2  07 

2;  434 

39.26 

1913 . 

2 

33.47 

345.91 

39 

19.  50 

953 

23.82 

’  758 

379.00 

1916 . 

1 

.29 

6.00 

478 

478.00 

321 

32L00 

1917 . 

120 

5.61 

.97 

2,391 

19. 92 

1, 994 

2,630 

21.92 

Copper: 

1904 .  . 

9, 215 

1,  272.  00 

2.85 

11,  SOI 

1.  28 

4,  772,916 

25.90 

044,  072 

69.  89 

1905 . 

32,266 

3,  -158.  00 

2 .22 

51, 101 

1.  58 

llj  784;  938 

18.  26 

1, 94  L  312 

60. 16 

1‘JOG . 

36,322 

3,98],  23 

2.34 

67, 331 

1.  02 

1L  862;  742 

16.  79 

2,411,000 

68.  20 

1907 . 

51, 224 

6, 990  96 

2.  82 

87,760 

1.  71 

is;  318, 093 

18.  08 

3;  900,  056 

76.  25 

1908 . 

121,0-16 

17, 671. 97 

3.02 

175, 545 

1.45 

53;  41 1,  303 

22.  06 

. 

7,  50$;  643 

62  03 

1909 . . . 

147, 976 

23, 699.  63 

3. 31 

230,552 

1.  56 

68, 173, 418 

23.  04 

9;  472;  346 

04.01 

1910 . 

181,201 

40, 916.  99 

4.  67 

391,  826 

2.  16 

91, 975,  IOO 

25.  38 

12;  73S;  253 

70.  30 

1911 . 

228, 591 

42,  589.  23 

3.  85 

431, 405 

1.  89 

105,951,688 

23. 18 

lL  352',  989 

62.  79 

1912 . 

261,941 

36,  882.  93 

2.91 

347,  867 

L  33 

102,  539,  091 

19.  67 

68.  32 

1913 . 

382,  663 

29, 699.  88 

1.  65 

324,  586 

.  S5 

126;  364,  491 

16.  51 

20  396  498 

1911 . 

360, 569 

35,  8G3.  89 

2.  06 

35$;  486 

.  99 

125',  778,  515 

17.  44 

. . 

1  7  RRR  1 57 

49.  00 

1915 . 

427,  495 

37,  836.  33 

1.83 

412,  745 

.97 

156;  436i  723 

18.  30 

28  367  835 

1916.. . 

559,  8-10 

47, 028.  69 

1.  74 

488,  742 

.87 

199,  997, 786 

17.  86 

50  493’  216 

90.  19 

1917 . 

655,  289 

50;  280. 80 

1.59 

525;  923 

.  80 

207;  603;  875 

15.8-1 

. 

. 

53;  ms;  oh 

88.  71 

Lead: 

\ 

1903 . 

37, 943 

3,  927.  02 

2.  14 

1, 627, 030 

42.88 

674, 495 

.  89 

23  656,  751 

31  17 

2  045  764 

53. 92 

1904 . 

49,  826 

4,050.00 

1.  68 

1,  770, 803 

35.54 

56S;  065 

.57 

25;  417;  139 

25  50 

2  270  488 

45. 69 

1905 . 

41,083 

4,  200.  00 

2. 11 

1, 566, 610 

38. 18 

614',  360 

.  75 

20;  314;  723 

24  7  5 

9  093  086 

51.  00 

1906 . 

64,437 

5,  025. 42 

1.  61 

1,522, 107 

23.  62 

1,  783;  8SG 

1  38 

33  962' 526 

2G  35 

. 

.V.  41ft7  079 

53  06 

1907 . 

S-l,  016 

7, 195.  96 

1.  76 

1, 550, 978 

18.46 

1,  220, 804 

.  73 

32;  727;  G88 

19.  4  .3 

:i  i.v)  r. 07 

37.  50 

190S . 

58,763 

3, 469.  31 

1.  22 

1, 072, 632 

18.  25 

1,328  715 

1  13 

24'  019'  4  SO 

20  44 

1  490 

31  05 

1909 . 

93,  934 

fi,  407.  52 

1.41 

L  404  ',  731 

14.95 

i;  817;  083 

.97 

42;  014, 157 

22  36 

2  005  745 

30.  93 

1910 . 

92i  103 

6, 599.  90 

1.48 

1,403,613 

15.  89 

L  226',  984 

.  67 

4">;  841,  840 

24  89 

8  009  651 

33.  65 

1911 . 

107,  576 

7,  545.  79 

1.46 

1,899,737 

17.56 

1, 396;  430 

.  05 

45,  594;  420 

21. 19 

1  3, 3S9, 149 

31.  50 

1912 . 

103,  999 

6,917.  15 

L  37 

2,  247,  050 

21.  61 

2,  315,119 

1. 11 

45,  506,  496 

21.88 

3,954  ,  713 

38.  02 

1913 . 

129,413 

8, 606.  73 

1.37 

2, 177, 101 

16.82 

2,  820, 409 

1.00 

52,  349,096 

20.83 

4  233  410 

32  71 

1914 . 

127,958 

15,  739.  60 

2.54 

1,695,790 

13.  25 

2;  558;  128 

.  10 

55;  139;  634 

21.55 

3,  753;  816 

29.  34 

1915 . 

149,  258 

20,  952.  08 

2.90 

1.SS7, 105 

12.  C4 

3, 142, 093 

1  05 

62  001,656 

20  77 

4  f&A 

32  52 

1916 . . 

164,  987 

21, 875. 79 

2.74 

1, 792;  713 

10.87 

2,  726,091 

82 

60  007  307 

18  18 

ft  449  Q4=» 

39. 05 

1917 . 

130,890 

22,522.72 

3.56 

1, 675, 899 

12.80 

2, 134;  184 

.82 

5l|  356;  311 

19.62 

1  C,  S45, 802 

62. 30 
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Zinc: 

100.3 . 

1906  - 

1908  . 

1909  . 

1910  . 

1911  . 

1912  . 

1913  . 

19M . 

1915  . 

1916  . 

1917  . 

Copper-lead: 

1903  . 

1904  . 

1903 . 

1906.... 

1907  . 

1903 . 

1909  . 

1910  . 

1911  . 

1912  . 

1910 . 

Lead-zinc:*! 

1905  . 

190G . 

1907 . 

1909  . 

1910  . 

1911  . 

1910 . 

1917 _ 


90 
8,  921 
3. 153 

18,  9fi9 
12,710 

13,  868 

14,  992 
13, 802 
11.869 

19,  5S7 
18,  433 
14, 094 

14, 210 
10,  982 
22,018 
3,219 
3, 224 
1,090 
433 
2,152 
291 
•126 
21 

3,794 
373 
574 
1,084 
12,714 
7,034 
ft,  0-12 
12,924 


3.  00 

.  09 

3,  270 

30.  33 

3,  7-j0 

•1  os 

0,000 

3.  33 

00.  750 

33.  75 

6,508 

219  98 

.  61 

73, 334 

S.  23 

3,319.389 

IS.  77 

258, 726 

3.  39 

.02 

2\  508 

.  81 

' 

4,415 

.07 

1,  405,  052 

22.  29 

67;  682 

303.  43 

.40 

92, 458 

4.  87 

2,  80S 

730;  609 

1.93 

o'  9C7j  237 

18  36 

403,  603 

5.  09 

140,  279 

11.  04 

890,  545 

3.  50 

8,  '.42,  135 

34.  39 

587,  115 

75.  04 

.  11 

39,  300 

2.  83 

9, 944 

.04 

390,  002 

1.41 

9,  065.  043 

32.  71 

55?;  S9S 

253.  92 

.35 

175,  229 

11.  09 

85, 376 

.28 

938,  813 

3.  13 

10,716.  314 

35.  74 

908,  775 

193.  66 

.29 

134,  702 

9.  76 

OS,  210 

.25 

’,91,513 

2.  87 

9. 134, 038 

33  09 

C12, 339 

74.  39 

.13 

59, 079 

4.  97 

3,344 

.01 

261, 509 

1.  10 

8,  fc«,  021 

37.43 

498.  021 

197.06 

.21 

1G4,  515 

8.40 

12,  787 

.33 

859,  5S0 

2.  19 

14.835,304 

37.  87 

1,969,698 

12G.  88 

.13 

84,  955 

•1.  01 

25,  440 

.07 

390,  160 

1.05 

14,020,354 

38.  03 

1, 970, 450 

294. 14 

.43 

131,615 

9.31 

168,483 

.60 

655,  534 

2.33 

9, 210,  334 

32.  67 

1, 156, 357 

162. 18 

.24 

223, 268 

15.  85 

90S,  208 

3. 20 

2, 591,  030 

9.  12 

358,  270 

J73.  00 

.21 

231, 178 

13.01 

1.00L&43 

2. 95 

2, 450)  850 

7.  22 

37i;  244 

377.  00 

.35 

330,855 

15.  03 

1 , 320|  655 

3.  (XI 

3;  o0l'  732 

7.  95 

580;  202 

114.  75 

.  73 

37,  600 

11.  57 

253j  546 

3.  90 

12  40 

122;  827 

151.  98 

.  97 

80, 976 

25.  12 

272,  819 

4.  23 

807,'  832 

12.  53 

153,  965 

36.  40 

.  09 

22,888 

2a  95 

88j  001 

4.  04 

223, 921 

10.  27 

. 

33;  886 

11.  95 

.  50 

7,  941 

IS.  13 

65'  CCS 

7.  50 

81,  603 

9.  32 

i«;  123 

35.24 

.31 

02,  154 

28.  S3 

15l’  924 

3.  00 

570,  955 

13.  27 

79, 089 

3.  76 

.26 

9;  021 

31.00 

29. 354 

5.  04 

•15’  872 

7.  88 

10,  591 

1.07 

.05 

15,  008 

35.  23 

60,  107 

7.  00 

86,  777 

10.  18 

23;  0S3 

.52 

.61 

499 

23.  76 

2,060 

4.  90 

2, 994 

7.  13 

705 

86  00 

.  47 

34, 370 

9.00 

301,413 

4.  76 

1,911,. 577 

25. 19 

152,  314 

11.  25 

.62 

<;' 563 

17.  50 

. 

37,  600 

5.  00 

'  168;  750 

22  50 

I?;  127 

6  03 

.22 

9,415 

10  40 

46, 301 

4.04 

258,  784 

22.  54 

24,064 

23.  68 

.45 

13|  179 

12  16 

1, 593 

.07 

132;  009 

ft.  12 

419;  542 

19.35 

35;  909 

278.  90 

.45 

104,095 

8.  IS 

11.01S 

.04 

1,009,  SIS 

4.21 

4,217,287 

16.  59 

294,132 

10l  70 

.03 

98,  549 

13.  97 

3, 069 

.02 

817,  481 

5.79 

4,091,639 

29.  00 

322,  S3S 

337.  73 

1.10 

106,  244 

17.68 

105,307 

.87 

917,528 

V.  59 

3,719, 160 

30.  78 

664,487 

671.00 

.91 

133,970 

10.37 

219,  167 

.  81 

1,  944, 380 

7.52 

7,  657,  236 

29.  62 

1. 130, 287 

72  31 

29.  00 
21.  46 
24  11 
46.  19 

40.  20 
GO.  62 

46.  5-1 

41.  12 
100.  56 
106.  89 

82.  04 

25.  21 
21.  86 
20.  35 
37.  80 

47.  75 
31.09 
37.  49 
36.  75 

30.  39 
34.  18 
3&  43 

•10.  20 
43.  07 
41.92 
33.  12 
23.  14 
145.  76 
09.  98 
87. 46 


«  T/rail-jIaoorr  tonewiinitcd  in  1912-li  produced  lead  concentrate  und  tine  cnncdJlrtlo  but  no  lud-iinccancrairoto.  In  i«i0-17  lead  tine  on-  produced  lead  coucoulmut,  tine  concern  me,  und  1  cud-ilnc 


concern  rule 
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ORE  DEPOSITS  OK  UTAH. 


PRODUCTION. 

Tho  production  of  mineral  substances  has 
long  bom  among  the  important  industries  of 
Utah.  In  addition  to  tho  metals,  which  alone 
are  treated  in  this  report,  the  Stato  contains 
large  deposits  of  <-oul  and  phosphate  roek, 
important  deposits  of  hydrocarbons  and  oil 
shale,  and  deposits  of  salines,  building  materials, 
and  sulphur.  In  1016,  the  nonmotollic  mineral 
products  wore  valued  at  S8, 690, 172  and  toe 
metallic  products  at  844,016,318,  making  a 
total  of  553,606,520. 

PRODUCTION  OY  YEARS. 

Production  of  metals  on  u  commercial  scale 
began  in  1S65.  (See  p.  118.)  The  quantity 
ami  value  of  the  principal  •  metals,  by  years, 
from  1S65  to  1017,  inclusive,  is  given  in  the 
table  'on  pages  127-128,  and  the  growth  of  the 
metal-mining  industry  is  graphically  shown  in 
Plato  XITT. 

Tho  increase  in  the  metal  output  of  the 
State  since  1870,  when  railroad  transportation 
reached  Salt  Lake  City,  has  been  rather  uni¬ 
form.  There  have,  however,  been  several  dc-  . 
pressjons  of  short  duration,  perhaps  the  most 
conspicuous  being  that  in  tho  middle  nineties, 
when  the  rapid  fall  in  the  price  of  silver  caused  | 
a  considerable  decrease  in  tho  output  of  both  i 
silver  and  lead,  and  that  in  1907  to  1909  when 
thcgcuornl  commercial  depression  causod  a  con-  1 
siderablo  decrease  in  the  value  of  tho  metal  ouL 
put.  In  1015,  1916,  and  1917  there  was  rapid 
increase  due  to  war  conditions.  The  discovery 
of  a  new  deposit  or  the  exhaustion  of  an  old 
one  has  from  time  to  time  causod  minor  varia¬ 
tions  in  the  production  curve,  though  usually 
these  are  not  of  largo  importance  as  regards 
the  State  production,  as  tho  falling  off  in  one 
district  is  likely  to  be  in  part  balanced  by  an 
increase  in  another.  In  tho  individual  districts 
the  production  of  a  single  mine  is  of  course  of 
far  greater  relative  importance. 

The  relatively  rapid  rise  in  total  metallic 
value  (see  PI.  XITI)  since  tho  late  nineties  is 
duo  in  large  part  to  tho  increase  in  tho  produc¬ 
tion  of  copper,  principally  from,  the  Bingham 
district,  though  other  districts  have  contributed 
important  amounts. 

The  yearly  tonnago  of  ore  treated  and  the 
average  value  per  ton  are  also  shown  in  Plato 
XUI.  Statistics  regarding  those  items  arc 
complete  only  since  1902,  but  reliable  estimates 


are  availnblo  from  18S8  to  1S92.  There  has 
been  a  very  rapid  inereaso  in  the  amount  of 
ore  produced  and  n  very  rapid  decrease  in  the 
average  value  per  ton,  which  dropped  from 
more  than  $15  in  1892  to  84.39  in  1913. 

The  decrease  in  the  value  per  ton  may  be 
attributed  principally  to  the  great  advances 
made  in  mining  and  metallurgy  processes, 
which  have  made  it  profitable  to  mino  and 
treat  material  thot  but  a  few  yearn  ago  Was 
not  regarded  as  ore,  and  to  the  exhaustion  of 
the  bonanza  portions  of  many  of  the  old  mines. 
Tlic  rapid  decrease  in  the  last  few  years  is  due, 
in  large  part,  to  increase  in  the  amount  of 
low-grade  copper  ore  treated.  In  the  future  it 
is  likely  to  be  much  less  marked,  though,  it 
will  doubtless  continue  and  will  be  welcomed 


Figvrk  12.— Diaimi.-n  showing  relative  value  of  the  principal  ujelala 
produced  In  Utiih,  1SS5-19I0. 


so  far  as  it  means  an  improvement  in  mining 
and  metallurgy  practices,  for  even  a  slight 
decrease  in  the  value  of  material  that  can  be 
commercially  treated  adds  materially  to  the 
amount  of  the  ore  available. 

The  total  value  of  the  principal  metals  pro¬ 
duced  to  the  close  of  1917,  amounting  to 
$916,155,337,  is  distributed  as  follows:  Sil¬ 
ver,  S271,7S3,S24;  copper,  $340, 6S  1,449;  lead, 
$188,715,846;  gold,  $93,119,333;  and  sine, 
$15,849,894.  To  obtain  the  total  value  of  all 
metals  produced  it  would  be  necessary  to  add 
to  these  figures  tho  output  of  less  important 
metals,  accurate  statistics  of  which  are  for  tho 
most  part  not  available.  The  relative  A-alua 
of  the  different  metals  is  shown  graphically  in 
figure  12. 
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"  c,“  r  “ l0-  •  esumavcacooJirmca  by  sniWlor  totals.  Regers'  flares  h  r  IS*  arc  500,000  pound* ;  lor  XSS9,  f.,407  pounds. 


Quunlit'J  of  ore  sold  or  treated  in  Utah,  1805-lUn,  and  total  metals  recovered. 


a  Director  of  Jlin  l  estimates  unless  otlionrisc  Indicated. 

*  II.  S.  Cool  Survey  Mineral  Resource*.  Out  pul  reported  by  smellers  and  refiners  unless  otherwise  tndicstod. 

«  CaUloniiw.  imej  placer  gold  at  Rinelucn,  itnd  in  spring  of  1W>V  grovel  washing  actively  taken  up.  nee  f.  S.  flrol.  Survey  Prof.  Paper  2?.  p.  S3.  l!»Vi. 

*  I  A  id  was  fust  prod  mod  from  urn  reduced  in  a  furnaix  builtnrar  ibe  UoUinsor  Lincoln  mint',  Beaver  County,  in  the  Allien,  by  it  Munnun  named  Isaac  Grundy.  See  K  ussier.  M  .  The  metallurgy  of  urgi-m  ilvrous 
lead,  prafntv,  isei. 

*  Bout  troll.  J  M..  C.  8.  Oeol.  Survey  Prof  Paper  38.  p.  S3, 1903  estimated  that  during  opening  perief  of  phteer  mining  in  Etnrbam  Including  1ST!,  the  product  ion  of  gold  nmounieil  lotl.OOO.OGP. 

/  In  1V-I  I  ho  At:  r  -Vuisucof  the  Duly  Colon  VodoUo.Cunp  Dougina,  Utah,  records  the  first  lead-silver  balboa  produced  near  olodzloo,  (..tab ,  Sept.  17,  1  Vx,  first  xuoocaMul  la  |arafton  ol  ailverfrom  lead  bullion 
by  J.  tV.  Ollof'it.  StocJtton,  Utah. 

«  H.  H  He  n  croft .  Huilorvo!  Utah,  p  711,  records  that  “the  first  shipment  of  ore  from  Clah  was  a  carload  of  copper  ere  from  Bingham  Canyon  in  Jnno  (ISOS),  shipped  to  Baltimore."  No  figures  available. 

*  Hat  mend,  U.  W„  Mioeml  Bc-toureev  wad  of  Rocky  Mountains,  1S70-1S72.  Estimated  by  V.  C.  Hydros  from  stil  pmeota  of  oris  aorl  matte  reported  by  Raymond  and  Iroui  railroad  statements. 

I  f  nrludcr  gold  in  silver  bullion  shipped  Irotu  Ocrmunlarefinerv.  probable  accumulation  from  area  of  several  dfvtrtcufii  Club  with  Nevada  elimlnatod. 

t  Utah  Central  Railroad  at  , lenient,  IWl-ieej.  metal  production  for  yiari  1S76-IN-I;  estimatca  by  V.  C.  node*. 

»  Teath  Census  L  nit.d  Slide*,  rol.  13.  pp.  313-310,  IWS. 

I  imports  ol  Director  of  Mint,  lfiat-tsM. 

■  W  ells  Forgo  it  Co.,  estUunUscunfirmcd  by  smelter  to, ala.  Refiners'  figures' It  r  lSSuure  300,000  poundaf  lor  1SS9,  U'  It,;  -tounds. 
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Quantity  of  ore  sold  or  treated  in  Utah,  IS6S-1917,  and  total  metals  rtcoctrul  Continued. 


Year. 

r 

Quantity 

Gold. 

Silver. 

Copper. 

Lead.  j  Recoverable  zinc. 

Total 

value. 

(short 

tons). 

Fino 

ounces. 

Value. 

r 

Fid*  ounces.  Value. 

Pounds. 

Value. 

Pounds. 

Value. 

Pounds. 

Value. 

1896  . 

1897  . 

J898 . 

1899  . 

1900  . 

1901  . 

1902  . 

1903  . 

190! . 

1005 . . 

1000 . 

1907  . 

1908  . 

1909  . 

1910  . 

lull . 

1912  . 

1913  . 

191-1 . 

1910 . 

1916  . 

1917  . 

1,111.785 
1,412,379 
1,716,947 
2, 181,061 

2,  348,  819 
2, 669,  696 

3,  658.  957 
5, 122,  589 

6,  3S9,  398 
7. 268,  530 

7,  770;  270 
10,  202,  566 

8,  544. 014 
10, 451, 445 
13,  920,643 
15, 358,  481 

91,906 
83,500 
110,558 
166. 933 
192,  155 
178,  013 
174,  022 
a  210,  144 
o  202, 657 
0248,692 
"252;  439 

0  247,760 
0179.055 
o  203,  492 
o  195, 052 
»227, 217 
“206,360 
0172,468 

0  157,961 

0  174,590 

0  172,938 
“162,305 

81,899,900 
1,  726, 100 
2, 285, 400 

5.  460,  800 
3.  972,  200 
3, 690, 191 

3,  607, 686 
4,344,069 
4. 189, 292 
0, 140,  920 

6.  218,  386 
5,  121,646 
3.701,387 
4;  206,548 
4, 032.  085 

4,  696, 998 
4,  265, 851 
3, 065, 229 
3, 265,  347 
3,  609,  109 
3, 574, 947 
3,  355, 156 

8,  827, 600 
6, 265, 600 
6, 485, 900 
7, 093,300 
9, 267,  600 
10,  760,  800 
li;  842, 015 
ol2,2l>4,011 

0  12, 019,  446 
oll,036,  471 
o  11,550,63-1 
ol0.990.076 

0  8,451,338 
oil,  717,  172 

0  10, 466,  971 
o  12,  473.  787 

0  13, 836,  903 

0  13,  084,  835 
oll.154.916 
ol2,  313.205 

0  13,  253,  037 

0  13, 479, 133 

002.  768 

3.  759,  360 

3,  826,681 

4, 255,  980 

5,  745,  912 
6, 456,  480 
6, 17K,  795 
6, 518, 162 

6,  898,  308 
6, 666, 028 

7,  733,  925 
7, 253,  450 

4,  479,  209 
6, 092, 929 

5,  652, 161 

6,  611, 107 

8,  509, 0S0 
7, 903,  240 
6, 168, 669 
6,  242,  795 
8, 720, 498 

11, 106, 806 

3,  502,  012 
3,919,010 

3,  760, 000 
9,  584, 746 
18, 354, 726 
20,  116,  979 
23, 939,  901 
“  32, 847,  656 

0  -16,417.  23-1 
u  57,  298, 054 
a  56,  593,  576 
o  6-!,  256,  884 

0  86,  843,  812 

0  108,917,811 
“127, 597,072 
“  146,  960,  827 
“137,  307,485 
“101,445,902 
“162,034,002 
“187,671, 18S 
"  240,  27-5, 222 
“  246, 074, 163 

?37$,  217 
170, 281 
465. 000 
1, 638,  991 

3, 046,  885 

3,  359,  536 
2,  920,  668 

4,  542,  831 
5, 802, 151 
8,  938, 496 

10,  922,  500 
12,  851, 377 
11,163,383 
14, 163,  215 
16,  20-1, 82S 
18. 370, 103 
22,655,735 
25,  024, 124 
20,  220,  522 
32,  8-12, 458 
59, 107, 705 
67, 3-12, 0-11 

71,150,000 
81,074,000 
78, 59S,  000 
59, 97-1,  000 
96, 088,  U00 
99,  740.  000 
107.  828,  000 

0  J00,  742, 633 
“116,479.764 
“  103,  882,  009 
“  126,  342,  836 
“  115.938, 037 
“8S,  777, 498 
“  148. -186, -163 
“  123.  324,  635 
“  136, 496,  750 
“  140,311,  135 
“166,126,  790 
“171,323.  137 
“199,967.437 
“  201,  490, 075 
“178,  521,958 

$2, 134, 680 

2,  918, 064 

2,  986,  724 

2,  098, 830 
4,227,872 
4,288,820 
4,420, 948 
4,311,785 
5, 095,  969 
4,882,454 
7,  144,  512 
G,  144, 716 
3. 728, 655 
6,  384,  918 
5. 426,  284 
6.  112,354 
6,  314,001 
7,309,  579 
6,  68 J,  002 
9,  398,  470 
13,  902,616 
15,352,888 

6  332, 524 
«>7, 102,547 
6,  474,  615 
5,452,916 
1, 460,  554 
9, 660, 778 
10,  367, 104 
17 ,  S40, 261 
17.067, 177 
18, 857,  827 
15, 9S9,  267 
24, 292.  ?40 
29,  572. 528 
21,286,871 

$16, 979 
4X9, 050 
394, 952 
321, 722 
OK,  616 
532, 482 
883, 824 
1,016,895 
1, 177,635 
1,056,038 
815, 453 
3.012,238 
3.902,  719 
2,  i  71,26.1 

<10. 415, 565 
8,874,405 
9,  563,  805 
12, 014,601 
16, 992,  869 
17,795,026 
17,  126, 097 
19,716.847 
1*22,  002, 722 
t>20,  046, 948 
31,419,365 
31,692,911 
23, 441,280 

31,  380, 092 

32,  199,185 
36,  837.457 
42, 922,  '302 
44,  858, 210 
37, 151,  593 
55, 105, 070 
89,  268,  681 

1  99, 328, 155 

Total  c  <t... 

. jl,  504,  646 

93,119,333 

366, 020, 527 

271,788,824 

1,962,162,413  346,681,440 

3, 975, 600, 157 

188,715,840 

191,957,609 

16,  849,894 

916,  155. 337 

"  Mine  production,  t’.  s,  Geol.  Survey  Muk  nil  IUjojtcvs,  lDCG-1917.  figures  collected  from  the  mine. 

4  Previous  figures  ol  tire  TJ.  8,  GcoL  Survey  arv  corrected. 

r  fora  complete  table  o(eejjporiWU»tic»,sccofiUDl!  to  refiners'  figure's,  ol  the  1'nltcd  Mitt'S,  by  SUU«c,  from  IMoto  1M0  reference  iimuiloto  V.  S.  Gcol.  Surrey  Mineral  Ke-ounes,  1910,  pp.  170-173,  Pill,  and  tor 
lead  In  t'Uh  Irom  I >77  leitwsuna  publication  for  1012, pp.»«-3«),  1913. 

3  There  totals  are  lunrely  »meltcr  and  n-llncrs’ totals,  which  aro  less  than  mine  output  shove  n  in  district  totals  on  account  o[  smelter  losses. 


Uriah <  produced  in  Utah,  1864  1917,  hy  periods. 


Period. 

Quantity 
(short 
to  tin). 

Gold. 

Silver. 

Copper. 

Lead. 

Zinc 

( recoverable  .1. 

Total 

value. 

Fine 

ounce*. 

Value. 

line 

ounces. 

Value. 

Pounds. 

Value. 

Pounds.  |  Value. 

Pounds. 

Value. 

1865-1880. . 
1881-1890. . 
1891-1900. . 
1901-1910. . 
1911-1917.  . 

73,615,940 

g 

|f|l 

mi 

■ 

3,  75-1,194 
11, 830,  773 
47,  349,  628 
624,  658, 979 
1,272,368,839 

■| 

350,713,000419,101,134 
556,316,000,  24, 216,  <180 
743,792,000  28,467,2)2 
1.130,541,875  51,829,111 
1, 194, 237,  282|  05, 101,709 

47,  05i,  438 
144,  906, 171 

.  87,101,029 

. jlOC,  006, 912 

2, 637, 6551252, 820, 473 
13,212, 239j405, 471, 471 

4,504,646.84 

98. 110,  333 

366, 020, 527 

271,  788,  S24|  1,  062, 102,  413 

346,  081,  -HO 

3,  975,  000, 157jiS8,  716,  840 

191,957,009 

15,849,894)916,166,337 
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In  tbo  early  duys  of  mining  silver  was  the 
most  important  metal.  In  recent  years,  how¬ 
ever,  tho  precious  metals  have  been  of’ much 
less  relative  importance.  In  1017  copper  alone 
yielded  considerably  moro  tlum  (37  per  cent  0f 
the  total  value. 

PRODUCTION  BY  DISTRICTS. 

Tho  table  on  pago  130  gives  tho  production 
of  each  important  district.  The  totnl  value 
given  is  somewhat  larger  than  thut  given  in  the 
table  by  years  (pp.  127-128)  and  is  doubtless  less  I 


Fraum,  M.— Diagram  showing  rohtlvo  vnluo  of  tho  mein!  output  ol  the 
principal  minins  districts ot  Utah,  lSSs-HM*. 


accurate,  tho  present  tublo  having  been  com¬ 
piled  from  many  sources.  Tho  difference,  how¬ 
ever,  is  but  a  small  fraction  of  1  per  cent,  and 
the  figures  for  tho  individual  districts  may  ho 
regarded  as  essentially  accurate.  Figuro  13 
shows  the  relative  rank  of  tho  largest  districts. 


from  those  incident  to  thoroughly  legitimate 
prospecting  under  capable  management  to 
operation  of  individuals  and  companies  that 
lack  both  technical  skill  and  honesty.  The 
table  on  pago  130  shows  tho  known  dividends  of 
several  of  the  more  important  mining  districts, 
and  tho  following  list  gives  the  names  by  dis¬ 
tricts  of  companies  that  have  paid  dividends. 


Tin  tic  di.it  ru-l . 


Ajax. 

Iron  Blossom. 

Beck  Tunnel. 

Ia>wer  Mammoth. 

Bullion  Beck. 

Mammoth. 

Carisa. 

May  Day. 

Con  teiinial-Eureka . 

Mount  View  (Yankee). 

Chief  Consolidated. 

Opohonga. 

Colorado. 

Sioux  Consolidated. 

Dragoon. 

South  Swansea. 

Eaglo  and  Blue  Boll. 

Swansea 

Eureka  Hill. 

Tetro  (Philiis). 

Gemini-Keystono. 

Tintic  Standard. 

Godi  va. 

Uncle  Sain  Consol ida tod. 

Gold  Chain. 

Victoria. 

Grand  Central, 

Yankeo  Consolidated. 

Hamburg. 

Gold  Mountain  district. 

Annie  Laurie. 

Cump  Floyd  (  J/crcur  district). 

Boston-Sunshine.  Geyser-Morion. 

Consolidated  Mercur.  Sucr.unrnto. 

Binghom  district  ( M'.vf  Mountain). 

Bingham  New  Haven.  .  U,  S.  Mining  Co. 
Brooklyn  Lead.  Utah  Apex. 

Dalton  &  Lark.  Utah  Consolidated. 

Old  Telegraph  and  Galena.  Utah  Copper. 

Petro.  Utah  Metal  and  Tunnel. 


Part  City  region. 


Crescent. 

Daly. 

Dalv-Judge. 
Daly  West. 


Little  Bell. 

Ontario. 

Silver  King  Coalition. 
Silver  King  Consolidated. 


Washington.  County  ( Si  leer  Fir/  dint  rid). 


NET  PROFITS. 

It  is  impossible  to  get  data  for  oven  an  ap¬ 
proximate  comparison  of  the  amount  of  money 
expended  in  mining  operations  and  the  value 
of  the  metal  produced.  There  is  no  doubt 
that  the  value  of  the  metals  is  in  excess  of  the 
expenditures,  but  if  all  expenditures  of  time 
and  money  are  considered  the  excess  will  not 
be  ns  great  as  many  believe.  The  profits  of  a 
relatively  few  companies  have  been  very  large, 
but,  as  in  most  mining  regions,  the  great  ma¬ 
jority  of  operations  huvo  resulted  in  losses. 
These  losses  are  due  to  many  causes,  ranging 


Barbee  &  Walker. 
Cliriatv. 


Leeds. 

Stormont. 


j  Silvtr  Islet  district. 

Gethin  Leroy. 

Ophir  and  Rush  Valley  dint  rids, 

Chicago.  Honorinc. 

Cliff.  Mono. 

Hidden  Treasure.  Northern  Light. 

Little  Cottonwood  and  Big  Cottonwood  districts. 

Cardiff.  Joub  Lawrence. 

Columbus  Consolidated  Mux  fie !  d . 

|  Emma.  IYmce  of  Wales. 

J  Flagstaff.  South  Heela, 


35-116° — IS) - 0 


Produc'iftn  in  Utah  mining  dixfriett. 


Num¬ 
ber  of 

mir^i 

that 

hnvn 

Mill 

aKi 

deoils. 


District 


Dividends. 


Value. 


Value. 


Pounds. 


Value. 


Blnirbarn  (West  Mountain) 

1  ark  City . 

T Irrtie . 

Beaver  County . 

Opldrsnd  ft  nab  Volley — 
RirAcxI  Littto  Cottonwood 

time  Floyd . 

Wasnluelon  County . 

American  Fork . 

Piule  County . 

Larin . 

Flab  SiwiznB . 

North  Tlntic. . 

Carbonate . 

Mount  Nobo . 

Arreola  . 


llv  o-U/17 
1*70-1917 
lew- 1917 
JWW-1917 
1870  1917 
1807-1917 
1871-1917 
1X78-1917 
187U-1917 
imt-i9i7 
1870-1917 
1801-1917 
1903-1917 
1891-1917 

1905-1917 
lew-1917 
1891-1917 
1908-1917 
1919-  (917 
2SJ2-1017 
1911  1918 
ISO*  1917 


131,318.190 
1,387,17* 
32,936,936 
787,  Ttr? 
4*>,9 78 
300.329 
19,  &  ,.■■!  t 
14,110 
271,373 
3,114,089 
2*  188 
9,2» 
134 
18,837 
317 
173 
1,401 
108 
ids 

41 

282,177 

982 

3*3 

11,143 


,314,015  90 
211,86181 
,674,94211 
37,139.51 

>,.'■11  r. 

31,213.05 
0*0,642.87 
634.14 
1J.137.Ki 
150,465.  To 
101  « 
*49.  <0 
7.07 
91*.  21 
1429 
8  40 
7a« 
in 
A  25 
200 
12,199. 06 
47.51 
18.76 


8J5.668.1S0 

29,303,886 

83,55 

|9,.'.5S,ar2 

u,ei8,«# 

13,215,189 

67.513 

8.099,416 

2,014,617 

490,999 

3M.484 

1,637,833 


HID, 890,686 
I'll,  814, 024 
|.MI,40I,604 
49,402,527 
31,4.%, 448 
25,733,553 
10,093,021 
9,631,616 
3,895,050 
3,679, 144 
3,256,193 
2,316,164 
1,847  714 
478,122 
190,703 
40,812 
20,153 
16,015 
3,782 
33,433 
051,803 
9V1 
63,152 

45,  W) 


14,611.698 

10,225,640 

. 2.-315' 

1,574,129 

61,00* 

294,756 

678.655 

577,712 

114 

90.780 

43,525 

. i^rei' 

496 

22.720 

41,622 

7i;i?o 


ibrook. 


Blne  Bell. 
Box  Elder. 


Cal  tune! 


Clifton. 


Colorado  River . 

Columbia . . . 

Drtroff  (Juab  und  Millard 
Countiw) . I 


1901- 1917 
1916-1917 
1916-1917 

1917 

1907- 1917 
19K.I-1918 
1911  1917 
1903  1917 
15»7I-19I7 
1911-1917 
1»V„1917 

1908- 1913 
1014-19!" 
1900-1017 

1907- 1917 
1919-1917 

19>-  [917 

1903-1914 

1908- 1917 
1900-1916 
1001-1917 

1902- 1015 
1016-1917 
1902-1917 
1915-1917 
1914-1917 


Duprey . 

Encfcwn  .  . . 

F  reu  Cofniii-e . 

Cold  Snrinrf . . 

Henry  ...  . 

Jm^rf-ouJ  (Garfield  County). 

L«  Sal — I  lie  liulian.  . 

Leaminctori . . 

Lrel  Sprfnp . 

Miners  Bavin . 

Parad  l.-r*  ( Cardie  County ) _ 

I*ark  Valley . . 


21.01 
2  20 
6  33 
1,172.71 

'l7.0IJ.33' 


7,301 
2,000 
27,  >71 
6,673 
363/40 
815,673 
11,  839 
102,307 
3,127 


West  Tintir 


White  Canyon  (San  Juan 
Wild  Cat  linage . 


«  Comm,  Trial  valors  used  for  metals  prod  weed  In  each  calendar  year. 

*Tbo  yearly  production  at  silver,  between  I87l  and  ISRi,  woe  net  muted  to  lie  ifl.nOO  ounces,  (Sec  U.  S.  Cecil.  Survey  Sixteenth  Ann,  Rem  ,  pi.  2,  p.  355, 1805.)  Sine*  that  period  the  sold  ores  mined  carried 
very  llulri  "Uer,  und  only  3,760  ounces  non  n-jmned  hy  producer!  wb  dooresyl.ddcd  a  total  of  020,741. 10  ounces  oi  cold  bom  1690  to  1913,  inclusive. 

«  No  r  -  nr  dj  were  preserved  by  prod  ucera  ol  o  >  -.i»l,  util  lota  oflead  ore  shipped  from  the  Bl-vrk  Wnirler  and  rurlomlore  In  tbo  Twir.ieubcKlkurlet. 

*  Bin  1  ii.la  rev  Id  by  orv-roiorv  lo  tbo  Hllver  Jt-if  mcllou  mm  knnrvm  to  bo  1  ncomplelo.  A  lu  Ir  rslue-ite  tl  (elwu  by  competent  rmthoritha. 

•  toeimva  10.4  and  1911  tbs  production  m  44,044  pounds  ol  copper  sod  1547X11  pound*  of  Uml  aa  P'portod  by  producers.  Prior  lo  this  poriod  no  rererd  of  iveoduothm  wosleund. 


Capper. 

. 

Load. 

rounds. 

1 _ 

Value. 

Pounds. 

Value. 
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Purl:  Valley  di<>rir' . 

Century. 

Promontory  district. 

Lake-view. 

Beaver  County. 

Uorn  Silver.  Utah  Leasing  (Cnelua  l.vil- 

Mofcow.  in;;). 

Newliouse. 

Fish  Springs  district. 

Galena.  Utah. 

American  Fork  district. 

Paeiflc  Gold. 

The  relative  importance  of  the  several 
regions  ns  dividend  payers  is  shown  graphi¬ 
cally  in  figure  14.  The  Bingham  district 
has  yielded  the  most  in  dividends,  though 
this  leadership  has  only  recently  been  taken 
from  the  Park  City  district.  In  the  ratio  of 
dividends  paid  to  the  value  of  the  metals 
produced  the  Park  City  district  has  the  best 
record  of  the  important  enmps  of  the  State. 

The  total  of  3182, 245,816  in  dividends  to 
the  end  of  1917  from  mining  operations  is 
large,  hut  if  from  this  should  be  subtracted  nil 
the  losses  in  labor  and  material  over  a  period 
of  50  years  the  net  results  would  be  less  im¬ 
pressive. 

That  there  are  large  losses  should  not  dis¬ 
courage  either  mining  operations  or  rniniug 
investments,  but  it  should  cause  investors  to 
look  carefully  to  the  character  of  their  invest¬ 
ments  and  to  remember  that  there  is  a  great 
difference  in  mines  and  that  relatively  few 
ever  reach  a  dividend  basis.  The  layman  in¬ 
vestor  should  also  realize  that  there  is  no 
necessary  relation  between  the  value  of  metal 
produced  and  the  amount  paid  to  the  stock¬ 
holders.  Mines  can  he  cited  where  the  value 
of  the  metals  produced  ran  into  millions  ol 
dollars,  hut  where,  nevertheless,  the  operations 
resulted  in  a  total  loss  of  the  investment.  A 
certaiu  class  of  promoters  are  wont  to  cite  the 
metal  production  of  a  district  or  property  as 
recommending  it,  but  the  point  of  interest  to 
tho  investor  should  bo  the  dividends  that  miiy 
ho  expected  to  result  from  the  operation  of  the 
mine. 

PRODUCTION'  OP  THE  PRINCIPAL  METALS. 

GOLD. 

In  Utah,  ns  in  ninny  of  the  Western  Slates, 
the  earliest  important  metal  production  was 
°f  placer  gold.  Placer  mining  was  begun  at 
Bingham  Canyon  in  1SG5  mid  for  some  years 
yielded  an  important  production,  totaling 
about  81,000,000.  No  other  district  has 


|  obtained  important  amounts  from  placers, 
though  placer  gold  has  been  produced  on 
Colorado,  Green,  and  San  Juan  rivers;  from 
the  La  Sul  and  Henry  mountains;  and  from 
the  vicinity  of  Marysvale;  and  placer  ground 
is  reported  from  the  west  base  of  the  Tushar 
Bunge  and  in  other  localities. 


Fiovu::  H.— Diagram  shewing  lUo  K'luUvo  nmonr.'j  palil  lii  .Jivblentb? 
by  companies  In  tbe  turgor  raining  districts  of  Utub,  13AV19I6. 


Cold  produced  in  Utah  to  aid  of  1917 1  by  districts. 


District. 

Fiuo  ounces. 

Vnlnc. 

Tintie . . . 

AVest  Mountain .  . 

Comp  Floyd . 

Park  Cilv . 

Gold  Mountain . 

Beaver  County . 

Ophir  on*l  Rush  Yiillrv . 

Big  and  Little  Cottonwood. 

American  Fork . 

Other  districts. . . 

1,574,0-11.78 
1, 53a,  018.  00 
920,842.87 
21 1, 203. 77 
14.3,561.28 
37, 139.  61 
28, 395. 07 
2-1,  21.3. 05 
13,127.80 
36, 146.  96 

$32, 558, 936 
SI,  318, 190 
19,035,  512 
4,367,178 
2, 967,  074 
767, 739 
58(5, 978 
500, 529 
271,373 
717,  221 

4, 50-1,  GOO.  97 

03,119,333 

Gold  is  present  in  practically  all  the  mctul 
deposits  of  the  State  except  tho  iron  ores  and 
tho  “ sandstone ”  deposits  of  the  Plateau 
region.  In  but  few  districts,  however,  is 
the  most  important  metal  production  in  gold, 
and  only  one  of  these,  Camp  Floyd  (Merour), 
ranks  among  the  important  gold-producing 
districts  of  the  country;  others  urc  the  dis¬ 
tricts  in  the  Tush  nr  Bunge  and  the  Gold 
Springs-State  Line  section.  Gold,  however, 
is  produced  in  several  districts  where  other 
metals  constitute  the  more  valuable  part  of 
the  total  output,  notably  in  the  Tintie  and 
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West  Mountain  (Bingham)  districts,  in  both 
of  which  the  yield  of  gold  has  been  greater 
than  in  the  Mercur  district.  The  relative 


Fioviie  15.— Diagram  .showing  relnUvo  importance  o(  mining  districts 
of  Utah  In  production  of  gold,  1SS./-I910, 


importance  of  the  different  districts  in  the 
production  of  gold  to  tho  close  of  1010  is 
graphically  shown  in  figure  15. 


Although  gold  was  the  first  metal  to  be 
produced  in  important  amounts  iq  the  State 
its  output  was  not  large  till  the  late  eighties, 
wheu  the  Tin  tic  district  became  important, 
and  did  not  pass  the  milliou-dollar  mark  tiU 
the  early  nineties,  when  the  cyunido  process 
was  successfully  applied  to  the  ores  of  the 
Mercur  district. 

The  yearly  variation  in  the  production  of 
gold  is  shown  in  figure  16.  After  1S90  the 
incroaso  in  production  was  rapid  and,  with 
the  exception  of  a  few  years,  continuous  till 
1906.  Since  1906  there  has  been  a  general 
decline,  which  was  very  considerable  during  the 
depression  of  1907-S  and  which,  though  in  part 
retrieved  in  Clio  next  few  years,  has  noi  yet 
|  been  wholly  recovered  from. 

The  decrease  due  to  the  e.vhaustion  of  the 
most  important  mine  in  the  Mercur  district 
has  beeu  partly  offset  by  an  increase  from 
other  districts  and  from  other  ores,  notably 
copper  ores. 

The  accompanying  table  shows  the  character 
of  the  different  ores  from  which  gold  has  been 
recovered  and  the  amount  recovered  from  each 
for  tho  period  1904-191  r* 
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<(OUl  [w'xiund  in  t  tab ,  I(IQ4-1.)17,  by  binds  of  ore,  in  Jine  ounces. 


Year. 

P]accr«. 

Dry  or  tdli- 
c onus  ora. 

Topper  ore. 

T.oad  ore. 

Zinc 

ore. 

Conper- 
h  •nil-zinc 
ore. 

1901 . 

65. 01) 

53,  803.  00 

92,271,00 

3, 468.00 

6.  00 

2, 86ft  00 

1905 . 

322.  00 

64. 383. 80 

125.  397.  00 

17,805.00 

95.00 

1 . 682. 00 

190(1 . 

•116.  63 

62,  Slid.  25 

120. 766.  53 

12, 785.  54 

50. 00 

4,783.07 

1907 . 

43S.  35 

42, 853.  89 

158,  154.  83 

48, 170.73 

1909 . 

4 90.  09 

47,43.9.  15 

111,  OSS.  12 

19’  986  36 

1.35 

1909 . 

122.  15 

48, 931.33 

117,  265.  85 

3S  358.  36 

1910 . 

192.  53 

47,  210  85 

113,978.  19 

28.327.53 

17.  72 

1911 . 

272.  54 

*78,912  69 

117,247  94 

25, 709. 04 

1.  00 

1912 . 

274.  77 

5  71,243.22 

105, 720.  03 

24, 310.  76 

102.  17 

191.5 . 

92.  38 

e  32, 330. 03 

100,093.39 

34,  213.  SO 

1911 . 

59.  55 

d  18,  274.  13 

97,955.32 

33,094.  69 

1915 . 

10. 34 

*9,  2  IS.  67 

101,247.  86 

45  i  541.  34 

32.  85 

191(5 . 

60.  47 

/  9, 122.41 

113,396  52. 

33,  535.  63 

1917 . 

5  12 

0720, 894.  61 

94,844. 85 

27, 115.  49 

. 

Learl-zdne 

Total. 

lead  ore. 

ore. 

45, 428.  00 

82.00 

202,  675.  00 

36.  818.  00 

1,690.00 

248, 892  00 

50,  215.  03 

555.  77 

252, 439.  42 

123.  77 

18.  06 

247,  759.  63 

90.  17 

10.  76 

179, 054.  60 

102.  89 

1,211.  18 

203,491.76 

154.  63 

5, 164  31 

195, 052. 11 

111  16 

4,959.31 

227,217.  28 

171.58 

4,538.01 

206,  360.  54 

70. 58 

5, 167.27 

172.  467.95 

78.  17 

8,  499.  00 

157,961.  16 

05. 89 

18,  407.  70 

174, 590.  65 

421  CS 

1(5,  401.  35 

172,938. 06 

92. 25 

19, 853.  05 

162, 305.  67 

«  Siliceous  gold  md  silver  ore*  oral  lined  ounces;  silver  ll,wui?  aiinoes;  oxtdicod  geld  and  silver  bearing  Iron-manganese  ores, 

706..11  onnteo. 

&  Slllmou*  gold  and  silver  orvi  contained  J5, (Ml. 79  ounces;  gold  ore*,  20  £J.i57  unticra;  silver  ores,  15,309-35  ounce..;  oxidised  guld  and  silver 
bearing  lron-manean‘v-3  ora,  M9  Mouivr\es. 

s  SlUceoua  gold  and  (  Ivor  ores  conl-Uixd  16,425.10  ounces;  gold  ore  11,974.21  ounevs;  silver  ores,  4,172.90  ounces;  oxidised  gold  trad  silver 
1  vatic g  iron-manga r,.*s  of..,  257.S4  cunrex. 

J  Gold  ore  tonlalnadSoOJiounrv-*.;  geld  and  sllv.roro,  11. On  mounts;  silver  ore,  5.50S. II  oun.'c<:  Iron  ore,  S.O.'ou::  .'- 
•  Gold  or©  conlu!  acd  3,220.21  ounrr  a;  gold  and  sliver  irv,  l.iM.Uionco't;  silver  err,  4,484.27  ounces. 

/  Includes  fitil. Si ounces  from  gold  or  -,  1,130  to  L.  .  .ices  irom  gold  ami  tllvor  ore,  and  7,«S18  on:  cua  from  silver  ore. 

I  Includes  4,675.60  ounces  from  gold  ore,  4a'543S  oultoai  Irani  gold  and  at  Ivor  ore,  and  10^31  JS  ounces  from  sllvor  ore. 


SILVER. 

Ill  value  of  total  output  silver  ranks  second 
among  the  metals  produced  in  the  State.  In 
recent  years  the  relative  importance  of  silver 
has  lieen  much  less  and  that  of  copper  much 
greater  thun  in  the  total  period.  Nearly  all 
the  metal  deposits  of  the  State,  except  the 
iron  deposits,  contain  silver,  and  in  many  it  has 
been  the  most  important  constituent. 

The  following  table  gives  the  output  and 
value  of  silver  from  the  more  important  dis¬ 
tricts  to  the  close  of  1917: 

Silver  produc'd  in  Utah  lo  end  of  1917,  ly  districts. 


The  relative  importance  of  the  several  dis¬ 
tricts  in  the  production  of  silver  is  shown 
graphically  in  figure  17. 


District. 

Fine  ounces. 

Vatue. 

135,299,810 

99, 202, 8S6 

Tintio . 

125,271,632 

S3, 343, 232 

48,415,824 
2lr100, 906 

14,259,680 
13, 140, 345 
7,211,463 
2, 499,  Q03 

35,663,120 

19, 588,392 

Ophirand  Rush  Valley . j 

Big  and  Little  Cottonwood .  .1 

11,813,698 
13, 215. 039 
7,987, 142 

Fish  Springs . 

1,627,832 

American  Fork . 

1, 887, 596 

2,014,647 

Gold  Mountain . 

460, 223 

273,  909 

Other  districts. . . . 

1,578,803 

1,095,717 

«  370, 985, 940 

278, 832, 614 

>  The  total  production  of  silvvr  liy  district  G  more  inim  ineiomi  uy 
year.  lor  the  Sl:v  »,  as  s  liowo  In  Hie  Ittble  ou  pages  tweauso  mo 

production  tor  early  y  ears  was  largely  osliamlcu. 


Ptacnr.  17.— Diagram  showing  rclati vo  Imporluura  of  the  principal  dis¬ 
tricts  of  Utah  In  Iho  production  of  silver,  1S15-19I6. 

Silver  production  was  not  largo  till  about 
1S70,  when  the  discovery  of  the  bonanzas  in 
ihe  Cottonwood  districts  caused  a  rapid  in¬ 
crease.  Beforo  the  exhaustion  of  these  depos¬ 
its  caused  serious  depression  the  output  from 
the  Horn  Silver  mine  in  the  San  Francisco  dis- 
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trict.  from  the  mines  of  the  Silver  Reef  dis- 
trict,  and  from  lesser  districts  caused  a  further 
rise;  and  before  the  output  from  these  had 
greatly  decreased  the  mines  of  tho  Park  City, 
Tin  tic,  and  Bingham  districts  caused  a  still 
further  increase. 

Phe  \earl\  variation  in  production,  value, 
and  average  price  of  silver  is  shown  in  figure 
lb.  The  production  shows  a  general  increase 
with  decreases  over  short  periods.  From  1S70 
to  about  1900  the  average  price  decreased,  but 
the  loss  was  more  than  balanced  by  tho  increase 
in  production,  and  the  general  upward  trend 
in  totul  value  continued.  The  most  nota¬ 
ble  depression  was  in  tho  early  nineties, 


when  the  price  of  silver  fell  rapidly  from  more 
than  a  dollar  to  about  65  cents  per  ounce 
mul  a  notable  decrease  in  production  fol¬ 
lowed.  From  that  time  to  1917  the  prico  did 
not  rise  much  above  65  cents  and  most  of  the 
time  was  less  than  60  cents.  Tho  production, 
however,  quickly  recovered,  and  except  for  a 
depression  from  about  1904  to  1910  its  gen¬ 
eral  trend  has  been  upward.  In  recent  years 
the  recovery  from  copper  ores  has  been  im¬ 
portant 

The  accompanying  table  shows  the  classes 
of  ore  from  which  silver  has  been  recovered  and 
the  amount  recovered  from  each  for  the  last 
10  years: 


Sihvr  produced  <n  Utah.  lVO-hlSH,  b„  kinds  of  ore,  in  fine  ounces. 


Year. 

Plftpors. 

Dry  or 
siliceous 
ore. 

Copper 

oro. 

Lead 

ore. 

1904 . 

161,209 

2,  386, 794 

1, 147,  565 

1905 . 

oi 

94,  -197 

3. 104. 375 

57 

111,614 

§7, 

97 

3,448,  172 

iRfrWIH 

63 

163, 285 

r  lr 

1909 . 

22 

402,313 

25 

5*13, 493 

E  [* 

1911 . 

33 

<*  2,  509, 157 

2, 377, 946 

G,  083,877 

1912 . 

40 

*3,  486, 562 

2, 6*12, 381 

6,212,219 

1913 . 

13 

2,314.348 

7,537,361 

1911 . 

9 

<i  1,317,364 

1,726,230 

7, 350,  213 

1915 . 

4 

7,  759,  842 

1S16 _ 

2 

/  1, 153,  993 

8, 118,  264 

1917 . 

■7  2,340,437 

2,  225, 119 

Zinc 

oro. 

Copper- 

leoa-zinc 

ore. 

Copper- 

lend 

oro. 

Lead- 

zitif? 

ore. 

Total. 

1,176 

3, 290, 960 

5,019,274 

36, 468 

12,049,446 

IS,  108 

2, 080,  294 

3,200,828 

227. 969 

11,036.471 

10, 416 

2,290,437 

4,  254, 953 

162, 328 

1 1 , 560,  634 

33, 059 

05, 804 

21, 338 

10,  990, 076 

1,044 

86, 132 
99, 958 

9, 

3fl9,  390 

8,451,333 
11,717,172 
10,  466,971 

223 1 108 

1,228,  308 

491 

83,972 

1.358,311 

12,  473,  787 

14,911 

154,091 

1, ‘125,  663 

13,  835, 903 

14,  476 

105,  286 
37,216 

1,085,809 
723,  8S4 

1, 362, 856 

13,084,835 

11,154,916 

12,313,205 

17,  633 

7P497 

2,  911 

145.  439 
93,  290 

1,  199,  023 
1,329,031 

13,  253, 037 
13,  479,  133 

«3Ulc»*>ui  golil  aod  silver  ores  coatoinol  31/178  ouncu<;  (Hear  on*,  t,9tf2,J27  ounces;  gold  und  stlrer  louring  oxidized  iron-mnugnimsc  ores, 
2 1, 752  ounces. 

ftSllicooui  gold  and  sUvcror-  sconLalnol  1.2*3,317  onnc.-w;  gold  oral,  2,420  ounces;  silver  or  s,  2.108,550  ounces;  gold  and  silver  boaring  osldlivd 
irulMr  nngnuatt  ores,  2,2(4  ounces. 

c  Slllc<oii.s  gold  and  silver  ore.  contained  627, (HO  ouikmj;  gold  ores,  9,941  ounces;  silver  ores,  l,l77,4ISour,crs;  gold  and  silver  bearing  oxldlied 
Irou-mangnru  ’o  ores,  3,  SOT  oust  a. 

dGoU  orvaponlomsl  0,671  o..aoe<:  gold  and  sliver  ores,  708.487  ounce’  Hear  ores.  705,040  ounce’  iron  ores,  11,600  ounces. 
eCtold  Orm.  combined  10.813  ouneiu;  gold  and  sliver  ores,  111, 580  ouiu-ra;  silver  ores,  tilo,:>19  ounces, 

/Includes  1..5,V0ounc  -  (rum  gold  or*  ,  38,159ooncci  from  gold  nod  silver  ore,  and  .  (14.284  ounces  Irom  sliver  ore 
» Includes  5*  ,383  ounces  Irom  gold  om,  152,231  ounces  Irom  geld  and  silver  ore,  and  2,131,623  ouneas  from  sllvororo. 


COPPER. 

Copper  has  been  produced  in  a  small  way  in 
Utah  since  1S70,  hut  for  many  years  it  did  not 
form  an  important  part  of  the  metal  output  of 
the  State.  In  the  early  years  of  mining  it  (like 
zinc)  was  regarded  os  undesirable  in  gold  and 
silver  ores,  and  at  some  mines — at  tho  Horn 
Silver  mine  for  instance — high-grade  copper 
ore  was  thrown  on  the  waste  dumps. 

The  Copper  industry  assumed  real  importance 
in  the  Slate  in  the  late  nineties  with  tho  begin¬ 
ning  of  extensive  output  from  tho  limestone  de¬ 
posits  of  tho  Bingham  district,  notubly  from 
that  of  the  Highland  Boy  mine.  The  Tintic 


district  was  already  producing  a  few  million 
pounds  a  year  and  there  was  some  production 
from  other  districts.  Since  1897  the  yearly  in¬ 
crease  has  been  rapid  and,  with  two  excep¬ 
tions,  uninterrupted.  Production  from  the 
groat  disseminated  deposit  of  the  Bingham 
district  began  about  1905  and  has  steadily 
and  rapidly  increased.  A  slight  decrease  in 
1906  was  mainly  due  to  metallurgic  difficulties 
met  in  starting  the  newly  constnicted  Gar¬ 
field  smelter,  and  another  slight  decrease  in 
1912  was  due  to  labor  troubles  in  tiio  Bingham 
district  which  closed  the  mines  for  part  of  the 
1  year. 


history  and  production.  J37 

para  lively  few  and  the  great  bulk  of  it  from 


The  yearly  production,  the  value,  and  the 
average  yearly  price  for  the  period  IS70-191G 
are  shown  in  figure  19. 


Fioukk  SO.-  l>lugra-n  repTr'cntlng  the  retail v«  Important*  o!  the  total 
output  ot  the  principal  capper- jmslutlngdWrlcts  to  Ilia  close ot  ton. 


Copper  is  widely  distributed  through  the 
State  and  is  mined  in  many  districts.  Most  of 
tho  production,  however,  comes  from  a  corn- 


one—  tho  Bingham.  The  following  table  shows 
the  production  of  tho  more  important  districts 
to  the  close  of  1917: 

Copper  pm,', need  \,t  Utah  In  end  of  tot?,  hj  dittru  l*. 


District. 

Pounds. 

\'nhio, 

Bingham  (West  Mountain) .  _ 
Tintic . . 

1,058,636,866 
171, 4113,  635 
49, 6:58, 383 
31.02S.556 
23, 028,  55-1 
16,576,  321 
10, 595,  (Xili 
9,858,917 
2,  564, 245 
3,395,468 

8296,  F.08, 196 
27,552,435 
8, 478, 593 
4,917,960 
4,044,373 
2, 702,  258 
1,533, 116 
1.741,962 
392, 530 
790, 449 

Beaver  County . 

Park  Ci  tv . 

Ophir  and  Rush  Valley . 

Lucin . 

Tutaagubet . 

Bigacd  Liulo Cottonwood... 

Carbonate . 

Other  districts . 

1 

“1,976,811,011 

318, 701,872 

«  Tho  *ot  il  production  of  copper  by  districts  Is  moro  taut  tho  toCul  l»y 
years  fur  tho  alalu  *i  ol  In  oitir  ynurx. 


The  rank  of  tho  principal  districts  in  total 
production  is  shown  gruphicully  in  figure  20. 

Most  of  tho  copper  has  been  derived  from 
copper  ores,  though  ores  chiefly  valuable  for 
other  metals  have  yielded  largo  amounts. 
Tho  accompanying  tublo  shows  its  derivation 
I  by  classes  of  ores  for  tho  period  1910-1917: 


Copper  produced  in  Utah,  1910-1917 ,  bj  kind's  oj  ore,  in  dry  pounds. 


Year. 

Dry  or 
siliceous 
oro. 

Copper  ore. 

Lead  oro. 

Zinc 

ore. 

Copper- 
lead  orv 

I,ead- 
ziuc  oro. 

Toial. 

1910 . 

1,029, 927 
3,  259,  690 

6  3, 373, 103 
cl,  166,398 

4  2, 020, 50-1 
«  687,988 
/ 1,  426,  917 
<7  2,579, 070 

122, 30G,  847 
139, 382.  ltd 
127,712, 169 
152, 137, 467 
142,988,221 
177, 784, 460 
229,900,014 
235, 899,  850 

2,818,234 
2, 885, 369 
4,482,998 
6, 627, 953 
6, 147, 939 
7,135,528 
7, 212. 843 
6,  256,  268 

1,028 

478 

660 

578, 250 
317,359 
353, 779 
254,  773 
101,794 
354, 162 
559,  95-1 
393, 079 

862. 188 
1, 115,770 
1,382,776 
959, 371 
775,  644 
1,707,790 
1, 115,  494 

1,  5-15.  886 

127,597,072 
116,960,827 
137. 307, 485 
161,440,962 
152,034,002 
187,671,188 
240,  275,  222 
246.  674  153 

1911 . 

1912 . 

1913 . 

1914 . 

1915 . 

1,250 

1916 . 

1917 . 

•  SlUiwus  gold  and  silver  ops  amlaincd  2,MO,*A  pounds;  silver  ore*.  tS3.»5  pounds;  goki  and  silver  bearing  oxldUvd  Uon-mangiuie*  ores, 
IS  3K7  [Minds. 

t£ilic*oiis  gold  aad  silver  ores  oonl&iixd  S,  162, ftl  pounds;  dfaer  cirw,  210.M2  pounds.  .  . 

e  Siliawm  * .  Id  and  silver  ores  conlulned  1, 332, SO  pound.,  ,-old  ops,  l,s»  p ■  isds;  sjvor  ores,  ia>,J20  p  "tnds;  gold  and  silver  U'arlng  oxl- 

4 OaH orratot '  lined  i2, HO pouwU;  gold  flP'l  diver  ares,  1.727,410  povailx  dlvt-rorer  HOSST'  p  unds,  and  Iren  ones,  7,'-<0  pounds. 

«  Oold  ores  Coni  uned  2,<»l<  pounds;  (fold  a  ii  silver  ores,  £H.2ll  PjiujdsT  silvi'rures^.h  . 

1  Includes  2,529  pounds  from  ,ild  ore,  13Jtja  pounds  Irani  fcold  and  silver  ore,  and  Mlu  yJlneund  .  rum  silver  ore. 
i  Include..  377,9'l  pounils  from  .old  ore,  1  SMfiXO  poun-Ls  I  rein  gold  and  silver  ore,  and  «n,<  W  pounds  (rom  silver  ore. 


Before  1907  the  main  production  was  from  ores 
which  were  treated  directly  in  smelters  near 
Salt  Lake  and  in  Bingham  Canyon.  Since 
1907,  however,  the  proportion  of  copper  derived 
from  low-grade  disseminated  copper  ores  (which 
require  concentration)  has  greatly  increased. 


The  tables  on  pago  138  show  the  total  quan¬ 
tity  of  copper  oro  treated  in  Utah  and  the  cop¬ 
per,  gold,  and  silver  recovered  from  it,  and  also 
the  copper  oro  concentrated  and  smelted,  and 
the  copper  recovered  by  each  process  for  the 
period  1903-1917. 
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Total  topper,  gold,  and  *<lur  r.  covered  from  ora  in  whisk  topper  constitute*  the  p:inr<pa! 

value,  f M.i-I. 

7/7. 

- T 

Vr.ir. 

1 

Copper  ore. 

Copper  iu  oro. 

Per  cent 
of  copper. 

Gold  in  oro. 

Silver 
iu  ore.0 

Ynt  je  b 
gold  and 
silver  per 
ton. 

• 

. . 

1901  . . 

Short.  Ion* 
517,  882 

Pounds. 

2G,  622,  504 

2.  57 

Fine:  ounces. 
92, 078.  00 

Fine  ounces. 
2,714,  165 

SfcW 

815.  95!) 

10, 491,588 

2.48 

109,  90S.  00 

2,572,582 

4.61 

1,248,752 

52, 5-18. 925 

2.  10 

125,  897.00 

2,  301,349 

3  21 

]90fi  . . 

1,253,881 

50,526,081 

2.01 

120,  766.  53 

2,  032, 205 

3.  to 

)907  . 

1,793,081 

59,335, 901 

1 .  67 

158,  151.  S3 

3,  448,  172 

3.  44 

1908  . . 

2,  976,  433 

83,  462, 121 

1.  40 

111,086.  12 

2,  620,  CS0 

1.24 

1909  . 

4,216,225 

103,  871,531 

1.23 

117,  265.  95 

2,500,717 

.  SS 

1910 . 

5,  417,  558 

122, 306,847 

1.  13 

1 13,  978.  49 

2,  036,  969 

.  M 

1911 . 

G,  121,099 

139,  382,101 

1.  14 

117,247.  9-1 

2,377,916 

.  $6 

1912 . 

6,  670,  845 

127,712, 169 

.  96 

105,  720.  03 

2,542,381 

.  56 

9,  070,  740 

152, 137,  467 

.  838 

100,093.  39 

2,314,348 

.» 

1914 . 

7, 578. 220 

112,988.221 

1.94 

97,  955.  32 

1,726, 230 

.19 

]Q1,S .  . 

9,  436, 450 

177,915.329 
229,  960!  014 

.94 

101,247.  85 

2, 085, 661 

.23 

1916 . 

'21676,  152 

.  no 

113,396.  52 

2,  633, 402 

.22 

1917 . 

14,121,671 

235, 899,  850 

.83 

94,  844,  35 

2,225,119 

,27 

years. 


•  The.^ot  Qguira  am  umirij>  0  irrof'ilnc  I  >  tho  flrsl  method  of  c1sv«lQmtlcn.  !0r<3  to  1010,  iks  printed  In  the  Mineral  Hest'uroes  reports  f-f  tbo«j 
Copper  ores  concentrutnl  end  i welted  and  percentage  of  copper  recovered  by  each  process,  1903-1017. 


Ores  con>- 

entmtod. 

Orec  smelted. 

Year. 

1 

Cron. 

Concentrate- 

produced. 

Copper 
prod  lie od. 

Per  cent 
of  copper. 

Ores. 

Copper 

produced. 

ror  cent 
of  copper. 

1003  . :. 

Short  tons. 

Short  tons. 

1  Pound*. 

Short  tons. 
517.  862 

Pounds. 
20,  62 2,  604 
35,  718,  670 

*57 

1904 . 

133,372 

9,215 

4,772,  9io 

1.72 

677,  587 

2« 

1905 . 

427,  598 

32,  266 

11,784,938 

1. 38 

821,  154 

40,  763,  987 

2.45 

1906 . 

491,813 

35,  322 

11,862,742 

1.21 

767,  068 

38,  663,  339 

2.62 

1907 . 

863,  606 

51 , 224 

18,518,093 

1.07 

908.319 

41,317,  SOS 

22: 

1908 . 

2,331,511 

121,046 

53,  411,  303 

1. 15 

644, 488 

20,  9S7,  867 

233 

1909 . 

.3, 462,  4S1 

147,976 

68,  173,  113 

.98 

753, 278 

35,315,  285 

2  34 

1910 . , 

4, 816,  129 

181,201 

91,975, 100 

.95 

DCS,  951 

30,  152,343 

14© 

1911 . 

5,470,9.16 

228,591 

105,  951,888 

.97 

610,  729 

32,  637,  950 

2  hi 

1912 . 

0,  095,  728 

261,941 

102.539,091 

.84 

672,  35-1 

25,  000,  452 

213 

1913 . 

8,406,816 

382,  663 
360, 569 

126,361,491 
125,  778,  515 

.  75 

662,  802 
471,  620 

25,719,  652 
17,209,706 

1.94 

191-4 . 

7,  106, 594 

.83 

1,32 

8,926,  688 

427,  495 

156,  436,  723 

.84 

509,  762 

21,478,606 

ill 

1916 . 

"11,943,472 

559,  810 
650, 259 

199,097,786 

.  84 

732,  680 
617,  156 

29, 962, 228 
28,  282,  873 

2  (H 

1917 . 

4>13,  504, 435 

207 1  603, 875 

.76 

2  29 

a  Includes  17”', 023  Ions  of  old  tailings  concentrated.  *  Includes  207,275  tons  of  old  tailings  concentrated. 


The  copper  industry  is  now  the  most  impor-  j 
tout  mining  industry  in  the  State,  and  as  very 
large  reserves  of  ore  have  been  developed, 
especially  in  the  Bingham  district,  it  is  certain 
to  bo  of  prime  importance  for  many  years  to 
como. 

LEAD. 

Lead  mining  in  Utah  is  very  closely  allied 
to  silver  mining,  much  of  the  lead  ore  contain¬ 
ing  an  equal  or  greater  value  of  silver,  and  i 
consequently  influences  that  have  affected 
silver  production  have  had  an  effect  in  lead 
production.  Tho  production  of  lead  begnu  at 


essentially  the  sumo  time  as  that  of  silver,  and 
the  early  producing  districts  were  the  sane 
with  the  exception  of  the  Silver  Reef,  which 
was  entirely  silver,  the  Lion  Hill  section  of 
tho  Opliir  district,  and  the  early  production 
from  the  Ontario  vein  of  the  Park  City  district. 

Tho  yearly  production  and  value,  and  the 
average  yearly  price  for  the  period  1870-1916  are 
shown  in  figure  21.  Lead  mining  has  expen- 
!  enced  many  and  rather  important  vicissitudes, 
but  tho  general  trend  in  both  quantity  nod 
value  has  been  upward  from  the  beginning  ®f 
1  production  to  the  close  of  1017. 


Figctbk  2L— Diagram  showing  annual  variation  in  the  production,  value,  and  average  ]»rieo  oflcad  In  Utah,  1*70-1016. 

5161 _ 0161 _  $061 _  0061  S66I  *  0681  '  S8ST  0881  SiSl  0181 


140 


ORE  DEPOSITS  Of  UTAH. 


Tho  two  marked  depressions  (those  of  the 
middle  nineties  nnd  of  1907-1900)  in  silver 
production  are  also  notable  in  the  lead  curve, 
which,  however,  shows  also  some  earlier  rises 
nnd  depressions,  due  to  tho  opening  or  exhaus¬ 
tion  of  bonanzas,  during  which  tho  silver  pro¬ 
duction  was  kept  more  uniform  by  tho  output 


Fiona r.  22.— Dlnprom  shmvins  tho  roldtlvo  production  of  luvd  from 
tho  princlpd  district*  n!  Utah,  lbTO-lPifi. 


from  mines  that  yielded  silver  as  their  main 
product.  The  lead  production  of  tho  more 
important  districts  of  the  State  is  given  in  the 
table  in  the  next  column,  and  is  shown  graph¬ 
ically  in  figure  22. 


Production  of  had  in  Utah  to  close  of  1017,  by  districts . 


District. 

Pounds. 

Value. 

Park  City . 

Bin*hain  (West  Mountain)  . 

1,252, 1(4,  804 
1,0.18, 002, 538 
752,019,420 
411,  103, 954 
275,  S00,  038 
ISO,  G 10,  785 
28, 580, 796 
16,069. 128 
11,526,680 
4,  7 19, 125 
1,932,083 
10,  470,  807 

$5 ft,  374, 893 
52,429.453 
35, 358,411 
17,980,774 
14,643,698 
10,225.640 
’,574,129 
678,055 
583,142 
294, 766 
90,760 
086, 991 

Beaver  County . 

Ophir  ami  Rush  Valiev . 

Big  and  Little  Cottonwood , . . 

American  Fork . 

Fish  Sprincs . 

North  TinlK- . . 

Mount  Nebo.... . 

Other  districts . 

' '4,003,802, 824  190,921,322 

a  This  totut  Si  2S,0n2flA7  pounds  mnro  than  loo  total  by  yrara  lor  tho 
State*,  and  Ls  ureon  i  ;ca  for  In  Ihn  tablo  on  p.  12S  Tho  woftis  Li  value  Is 
9^203,-174.  &ee  s  auto  uxcc*s  lit  cl  two  of  1013. 


The  production  of  lend  at  tho  close  of  the 
period  was  greater  than  at  any  time  during  the 
period,  and  it  is  possible  that  it  has  not  yet 
reached  its  maximum.  The  richer  portions  of 
many  of  (he  deposits  have  been  mined,  but 
there  is  reasonable  assurance  that  enough  ore 
remains  in  many  districts  to  insure  a  large 
future  yield.  Moreover,  ns  in  other  ores, 
improvements  in  mining  and  motR-Ilurgic 
methods  have  steadily  decreased  the  grade  of 
material  that  can  bo  profitably  mined,  and  i( 
is  probable  that  such  improvements  will  con¬ 
tinue  and  will  make  available  much  material 
that  is  not  now  of  commercial  value. 

The  following  tablo  shows  the  source  of  lead, 
by  kinds  of  ore,  for  the  poriod  1910-1917: 


Lead  produced  in  Utah,  19 10-/ 9 17,  hy  kinds  of  ore ,  in  dry  pounds, 


Year. 

Dry  or  erili- 
ceoua  ore. 

Copper 

ore. 

Lead  ore. 

Zinc  ore. 

Copper- 
lead  ore. 

Lead-zinc 

ore. 

Total. 

1910  . 

1911  . 

1912  . 

1913  . 

1914  . 

1915  . 

1910 . 

1917 . 

522, 046 
a  2,  757,  OS-1 

6  1, 809,  989 
e  1,083,039 

4  814, 617 
‘1,015,806 
/  246, 028 

9  976, 227 

222, 127 

338,  688 
2. 194,024 
167,227 
2, 179 
20,401 
6,  540 
14,  872 

85,  396, 907 
97,  494,  377 
106,  978,  033 
138, 075, 527 
140,  373,700 
151,803,997 
159,  2B0,  831 
137,245,961 

221,  292 
9,601 
026, 303 
871,435 

307, 737 
230, 877 
60,078 

4, 451,792 
796,  237 
941,  532 
926,  422 
272,  370 
911,594 
1,696,270 
1, 430, 782 

32,510,471 
35, 100,  763 
27,  761,  054 
25, 003, 140 
23,  860,  835 
45,907,902 
40.  049, 523 
38,788,038 

123, 324,115 
136,  196, 75ft 
140, 311, 135 
166, 126,790 
17  L  323, 137 
199, 967,437 
201,490,075 
178,521,958 

"  gold  and  diver  or«i  oonuLa:*.!  pound*;  fllvtr  ore*,  1,(775,435  pounds;  goM  and  divar  bearing  oxidized  Ircn-m.vnpU"  * 

14,330  punc/l*. 

*  '''““X'  koM  lad  *llv«r  arm  non  lined  ?4l,8l7  pounds:  silver  w*.  I.M7.172  pounds. 

t  Sllhvwus  gold  and  stUvr  ores  ir.ntiuwd  rus/rU  round-.;  Hold  or**,  17.S.5  r<-  .nils;  s  .lverorv*.  S7*. 773  pounds. 

•  Oold  ores  contain'd  1.6M  Founds.  vild  arid  silver  *»•••,  15,174  pound-  si  Ivor  ores.  763  >ii  pounds;  and  Irun  oro.  13.SS2  Bound*, 
r  Gold  oo>s  coaUdnad  USJ  po inds:  gold  and  dlvar  oras,  2 £06  pounds,  dlvor  ore,  1,012,5*8  pounds. 

/  usclodi  •  'M/iii  p-undi  (row  c»lvl*ud  sliver  oro  uud  1'  i  .393  pi  ids  tiom  rUvcroro. 

»  All  (row  silver  ore. 
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ONE  DEPOSITS  OK  UTAH. 


ZING. 

The  production  of  zinc  in  Utah  begnn  in  1904 
and  has  rapidly  increased,  though  as  yet  (1917} 
it  lias  not  becomo  of  great  importance  in  com¬ 
parison  with  the  other  metals.  Previous  to 
1904  it.  was  universally  regarded  os  detrimental 


Fioonr,  2i.— DffvRTum  showing  tha  r^latlv®  production  n !  fine  from  ♦'.he 
principal  districts  o 1 1  lab,  1£0I-191H. 


and  is  still  so  considered  in  many  of  the  lend 
ores.  Lead  ores  containing  above  a  pre¬ 
scribed  percentage  of  zinc  are  penalized  by  the 
smelters. 

The  zinc  production  has  been  derived  chiefly 
from  lead-zinc  sulphide  ore,  in  which  the  lead 


and  zine  nre  partly  separated  and  raised  to 
commercial  grade  by  milling,  and  from  oxidized 
zinc  ore  (mainly  zinc  carbonate)  of  a  grad# 
that  permits  of  shipment  without  concentra¬ 
tion.  Some  sulphide  ore,  notably  that  from 
:  the  Horn  Silver  mine,  has  also  been  shipped 
direct. 

The  annual  production,  value,  and  price  of 
zinc  from  1904  to  1916  are  shown  in  figure  23. 
The  total  output  and  value  from  the  principal 
districts  to  the  close  of  1917  are  given  in  the 
( table  below,  and  the  relative  importance  of  the 
I  districts  is  shown  in  figure  24. 


Zinc  produced  in  Utah  lo 

« rid  of  1917,  by  d'i'riclt. 

District. 

Pounds. 

Value. 

Park  Cilv . 

North  Tintio .  ... 

Beaver  County . ...... 

Bingham  (West Mountain).  . 

Tinfic . 

Ophiranrl  Rush  Valley . 

Other  districts . 

68. 191. 185 

IS,  7i)2.  296 
S3,  507.  519 
■tO,  052.  71S 
JO,  803.  653 
•1.823.331 
11,786.907 

$4, 96’..  107 
•  1,246,697 
2,677,029 
3,678,727 
1,690,790 
442, 691 
1,362,863 

191,  957, 609 

15, 849, 894 

I  Many  of  the  ore  deposits  of  the  State  contain 
|  zine  in  important  amounts,  and  if  methods  of 
I  recovery  can  be  developed  will  add  materially 
■  to  the  zinc  output  of  the  State. 

The  accompanying  table  shows  the  pro¬ 
duction  of  zinc,  by  kinds  of  ore,  for  the  period 
1904-1917: 


Zinc,  produced  in  Utnh,  1904-1917,  by  hinds  of  ore ,  in  dry  pounds, 


IRON. 


HISTORY  AND  PRODUCTION". 
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Metallic  iron  has  not  been  produced  in  com¬ 
mercial  quantities  in  Utah,  though  some 
attempts  at  smelting  it  were  made  in  Iron  j 
County  in  early  duys. 

Some  ore  chiefly  valuable  for  its  iron  content 
has  been  mined  and  shipped  to  the  smelters  to 
be  used  ns  a  flux  for  siliceous  ores ;  and  many 
ores  chiefly  valuable  for  other  metals  have 
brought  materially  higher  prices  from  the 
smelters  because  of  their  iron  content.  The 
iron  content  of  the  ores  has  therefore  been  a 
source  of  considerable  revenue,  but  as  it  has 
yielded  no  metallic  output  it  has  not  hee.n 
included  in  the  total  metal  production  of  the 
State. 

The  following  table  gives  the  quantity  and 
value  of  the  iron  ore  rained  in  Utah  for  the 
yearn  for  which  statistics  are  available.  Iron 
was  mined  in  other  years,  but  no  figures  are 
to  be  had. 

Iron  ore  muted  in  Utah, 


Year. 

Mined. 

Marketed. 

Long 
ton s. 

Value. 

Long 

Iona. 

Value. 

1885 . 

9.  720 
11,101 
7,348 
34,  034 
05,880 
39, 9118 
7,280 
14,  690 

|  3, 035 

45,  514 
4S,  058 

1892 . 

1908 . 

818,422 
104, 176 
253,065 

22, 586 
11, 628 

1909 . 

1910  . 

1911  . 

1912  . 

1913  . 

1914  . 

IQ15 

34.528 

7,230 

14,690 

3, 035 

43.514 
-18, 0,58 

5123.302 

22.680 

44,628 

1916  . 

1917  . 

There  are  largo  deposits  of  iron  ore  in  Iron 
County  (are  p.  56S),  to  which  railway  trans¬ 
portation  cun  he  readily  extended,  and  at  some 
time  iron  production  will  doubtless  become 
important. 


MANOAWESE. 

Some  manganese  ore  has  been  mined  in 
Utah,  mainly  in  the  Little  Grande  district. 
The  known  production,  by  years,  is  given  in 
the  following  table: 


Manganese  arc  produced  in  Utah 

1901 . 

1901 . 

i9w . 

i9or, . I!.!!!!”"".!.'!.*” 

i9i5 . 1””"”!”!”’!!”.’ 

1916... . . . 

1917  (preliminary  estimate) . 


I.unt;  tons. 
..2.500 
. .  183 

32 

..  800 
85 

..  1,282 
..  3, 580 


Numerous  deposits  of  manganese  exist  in  the 
Plateau  region  of  southeastern  Utah,  but  most 
of  them  are  remote  from  transportation  facili¬ 
ties  and  of  too  low  grade  or  of  too  small  extent 
to  bo  profitably  worked  at  present.  Some  of 
the  ores  of  the  State  contain  manganese,  wliich, 
like  iron,  serves  as  a  flux  and  adds  to  the  value 
of  the  ores.  The  demand  for  manganese  ores 
in  1916  and  1917  resulted  in  a  vigorous  search, 
and  ore  was-  shipped  from  tho  Tintic,  West 
Tintic,  Littlo  Grande,  Marysvule,  Ophir,  Little 
Cottonwood,  and  other  districts. 


ALUMINUM. 

No  production  of  aluminum  ores  from  Utah 
has  been  recorded.  Tho  uhmito  deposits  in  the 
Tusluir  Range  are,  however,  a  possible  source 
of  this  metal. 

ANTIMONY. 

Antimony  ores  have  been  shipped  at  inter¬ 
vals  since  1880,  principally  from  the  deposits 
on  Coyote  Creek,  Garfield  County,  to  an  esti¬ 
mated  total  value  of  §100,000. 

Small  amounts  of  antimony  ore  wore  shipped 
from  prospects  near  Brighton  City  in  1916  and 
1917. 

Most  of  the  lead-silver-copper  ores  contain 
antimony  and  linvo  yielded  amounts  far  more 
important  than  that  derived  from  antimony 
ores.  No  statistics,  however,  are  available. 

There  seems  littlo  probability  that  the 
mining  of  antimony  ores  will  become  impor¬ 
tant,  but  tho  production  of  antimony  from 
lead  ores  is  certain  to  continue  to  yield  n 
revenue. 

ARSENIC. 

Arsenic,  like  antimony,  is  present  in  many 
ores,  notably  those  of  the  Tintic  district,  and 
in  recent  years  some  of  it  has  been  recovered 
ns  ft  by-product.  No  statistics  arc  available. 
No  promising  deposits  of  arsenic  are  known, 
but  the  amount  recovered  us  a  by-product  is 
|  likely  to  increase. 
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ORE  DEPOSITS  OF  UTAH. 


QUICKSILVER. 

The  following  table  shows  the  output  of 
quicksilver  by  years: 


Quickiiletr  produced  in  Utah,  t3Sl-t007. 

1S3J.-13S7 . 

1303 . 

1001 . 

190-j . 

100(1 . 

1007.. . 


Klsalts.' 
213 
H 
7-15 
1,133 
1,009 
•137  I 


reported.  Bismuth  is  present  in  several  dis¬ 
tricts  in  small  Amounts,  however,  and  is  col¬ 
lected  in  the  bullion  produced.  It  is  relatively 
high  in  the  ores  of  tho  Tintic  district,  from 
which  n  considerable  quantity  is  reported  to 
have  been  recovered  in  recent  years.  Each  100 
tons  of  the  blister  copper  produced  at  tho  Gar¬ 
field  smelter  contains,  according  to  Eilera,*  an 
average  of  (i.l  pounds  of  bismuth. 

i 

NICKEL. 


3,551 

The  quicksilver  industry  of  tho  State  is  sum¬ 
marized  by  II.  D.  McCaskey 2  ns  follows: 

There  has  been  no  production  of  quicksilver  in  Utah 
since  1307,  when  output  of  this  motal  as  a  by-product 
ceased  at  the  properties  of  the  Sacramento  Gold  Mining 
Co.,  in  the  Morcar  or  Camp  h'loyd  districts  in  Tooele 
County.  This  company  had  been  producing  quicksilver 
during  tho  period  from  1903  to  1907,  inclusive,  prior  to 
which  there  had  been  no  reported  output  of  metal  since 
the  Richmond  Quicksilver  Co.  ceased  operations  at  the 
Lucky  Boy  mine  in  Marysville,  Piuto  County,  after  a  short 
run  during  tho  period  1S81-18S7,  Theao  two  operators  arc 
tho  only  producers  in  Utah  of  which  records  are  at  hand. 

Tho  total  output  of  quicksilver  in  Utah  during  its  pro¬ 
ductive  periods  irom  1881  to  1837  and  from  1903  to  1907, 
inclusive,  was  3,551  (lawks,  valued  at  $139, (>00.  Of  this 
production  3,33S  flasks,  valued  at$131,292,  is  to  be  Credited 
to  the  Mercur  district  and  213  flasks,  valued  at  $3,308,  is 
estimated  to  have  been  the  output  of  tbe  MaryBvulo  dis¬ 
trict.  Tho  entire  output  of  the  State  has  boon  from  retorts. 

It  does  not  seem  probable  that  the  pro¬ 
duction  of  quicksilver  from  the  State  will  bo 
important. 

MOLYBDENUM. 

Molybdenum  minerals  are  present  in  small 
amounts  in  several  districts,  among  which  arc 
Little  Cottonwood,  Bingham,  Lucio,  Beaver 
Lake,  Star,  and  Clifton.  A  few  tons  of  oro  has 
been  shipped  from  tho  Little  Cottonwood 
district. 

TUNGSTEN. 

Tungsten  is  known  to  occur  in  tho  Clifton 
district, Tooele  County,  the  GrousoCrcck  Range, 
Box  Elder  County,  and  in  tbe  Little  Cottonwood 
district,  Salt  Lake  County.  A  few  tons  of 
scheelite  oro  have  been  shipped  from  tho  first 
two  of  these  districts. 

BISMUTH. 

No  large  production  of  bismuth  in  Utah 
is  recorded,  though  small  shipments  of  bismuth 
ores  from  the  Clifton  and  Detroit  districts  uro 

1  Burin*  1WB,  1*0,  and  five  months  ol  !»1  tho  tt*jU  con  In  Ini'  I  76) 
pound*  not;  iinee  Jrmo  1,  10fH,  It  h.w  c<mt  *incct  pomib. 

'  UcCukey,  H.  D.,  QnialtMlver:  U.  8. 0«4.  Sarroy  Mineral  Rejourns 
1911,  pt.  1,  p.  9|],  19|2.  ’ 


So  far  as  known  no  nickel  ore  has  been  pro¬ 
duced  in  I  lie  Stat  e,  t  hough  small  amounts  of 
nickel  arc  present  in  ores  and  are  collected  in 
the  bullion.  Thus,  according  to  Eilers,4  each 
100  tons  of  blister  copper  produced  at  tba 
Garfield  smelter  (largely  derived  from  Bingham 
ores)  contains  an  average  of  40  pounds  of  nickel 
Nickel  is  doubtless  present  in  small  amount  iu 
other  districts,  and  if  it  averages  as  high  in  *11 
tho  copper  ores  of  the  State  as  it  does  in  thoss 
treated  at  Garfield  its  output  for  the  year  1913 
from  copper  ores  alone  would  bo  about  30.000 
pounds. 

Nickel  arsenate,  probably  onnabe-ygite,  has 
been  recognized  in  the  ores  of  the  Escalante 
mine,  and  nickel  minerals  are  probably  present 
in  other  ores  of  tho  State. 

cobalt. 

So  far  as  known  cobalt  has  not  been  produced 
from  Utah,  though,  like  nickel,  it  is  probahly 
present  in  small  amount  in  tho  ores  and  may  bit 
recovered  in  tho  refining  of  bullion.  It  is 
known  to  occur  in  tho  ores  of  tho  Dolly  Varxlen 
prospect  in  White  Canyon  and  in  the  Blue  Dike 
prospect  in  the  same  region,  and  it  sooms  prob¬ 
able  that  it  is  present  in  somo  of  tho  other 
“sandstone”  deposits  in  tho  southeastern  sec¬ 
tion  of  the  Stato. 

CHROMIUM. 

So  far  os  known  chromium  has  not  been 
produced  from  Utah.  Clhromium  in  small 
amount  is  rather  widely  distributed  in  south¬ 
eastern  Utah,  being  associated  with  many 
uranium-vanadium  deposits,  and  is  also  present 
in  garnet  in  tho  Littlo  Cottonwood  district. 

SELENIUM. 

Selenium  occurs  in  small  amount  in  many  of 
tho  ore  deposits  of  the  Stato.  It  collects  in  the 
bullion  and  somo  of  it  is  probably  recovered  in 

*  KUars,  A.,  Holts  no  l hn  ix  urttmoa  of  somo  of  ttio  rarer  nxt*b  1* 
blister  copper:  Am.  In  i.  Min.  Eng.  Dull.  7S,  pp.  9KV-1000,  1913. 

•  Op.  clt.,  pp.  MO-MOO. 
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history  and 

the  refining.  According  to  Ellers 1  each  100 
tons  of  blister  copper  produced  at,  the  Garfield 
smelter  contains  an  average  of  56  pounds  of 

selenium. 

Selenium  is  present  in  the  gold-silver  ores  of 
the  Gold  Springs -State  Line  region,  in  the 
Tuslinr  Range,  in  the  mercury  ore  of  the 
Lucky  Boy  mine  near  Marys  vole,  and  is  widely 
distributed  in  the  “sandstone”  deposits  in  the 
southeastern  part  of  the  State,  hut  is  nowhere 
sufficiently  abundant  to  be  profitably  ex¬ 
tracted,  except,  possibly,  as  a  by-product  in 
the  recovery  of  other  metals. 

tellurium. 

Tellurium,  like  selenium,  is  present  in  small 
amount  in  the  ores  of  the  Stute.  Eilers3 
states  that  each  100  tons  of  blister  copper  pro¬ 
duced  at  the  Garfield  smelter  contains  an  aver¬ 
age  of  5.54  pounds  of  it.  Tellurium  is  present 
in  the  gold  ores  of  the  Gold  Springs-State  Line 
region,  in  deposits  of  the  Tnshnr  Range,  and 
probably  in  the  gold  ores  of  the  Morcur  district. 
So  far  ns  known  no  tellurium  has  been  recov¬ 
ered  in  the  ores  of  the  State- 

PLATINUM  AND  PALLADIUM. 

Platinum  and  palladium  are  present  in  the 
copper  ores  of  the  Bingham  district  and  prob¬ 
ably  in  the  ores  of  other  districts.  They  are 
collected  in  tlio  bullion  and  can  be  recovered, 
with  other  metals,  from  the  “muds”  result- 1 
ing  from  the  electrolytic  refilling  of  the 
copper.  According  to  Eilers, s  each  100  tons 
of  blister  copper  from  tlio  Garfield  plant  con¬ 
tains  an  uverage  of  0.342  ounce  of  platinum 
and  1.1  S3  ounces  of  palladium.  Platinum  in 
small  amount  is  present  in  the  placers  of  Colo¬ 
rado  and  Green  rivers. 

URANIUM,  VANADIUM,  AND  RADIUM. 

Deposits  containing  uranium  and  vanadium 
are  rather  widely  distributed  in  southeastern 
Utah  and  have  beeu  exploited  chiefly  for 
radium,  which  is  always  associated  with  the 
uranium,  though  the  uranium  and  vanadium 
are  also  recovered.  The  principal  production 
of  theso  mctuls  has  been  from  the  region  around 

i  Ellers,  A.,  op.  eit.,  pp.  WHOM. 

35410° — 19 - 10 


PRODUCTION. 

the  La  Sal  Mountains,  the  San  Rafael  Swell,  the 
Homy  Mountains,  and  near  Eruita  in  Rabbit 
\  alley.  Uranium  minerals  are  known  to  occur 
in  the  Silver  Reef  deposits,  Washington  County, 
near  Pahriah,  along  the  west  side  of  Colorado 
River  between  the  mouths  of  Green  and  Fre¬ 
mont  rivers,  at  Circle  Cliffs  (Burr  Flats),  in 
White  Canyon,  and  near  Browns  Park  in  the 
Uinta  Mountains,  and  are  reported  from  other 
localities. 

Vanadium  is  present  in  nearly  all  the 
uranium  localities  aud  also  in  small  amount  in 
many  of  the  ores  of  the  western  part  of  the 
State.  It  lias  been  recognized  from  the 
Escalante  mine,  from  the  Star  and  Little  Cot¬ 
tonwood  districts,  nnd  from  the  Dyer  copper 
mine  in  the  Uinta  Mountains,  nnd  is  doubtless 
present  in  other  deposits. 

Tho  first  shipment  of  uranium-vanadium 
ores  was  made  about  1904.  Thero  lias  been  an 
important  production  of  uranium-radium  ores 
from  Utah  in  recent  yearn. 

MINING  DISTRICTS. 

Most  of  tho  mining  districts  of  Utah  are 
organized  nnd  aro  described  in  papers  filed  in 
tho  office  of  the  United  States  surveyor  gen¬ 
eral  at  Salt  Lake  City.  The  districts  were 
generally  organized  by  the  miners  in  order  to 
keep  accurate  record  of  the  claims  located  and 
of  tho  assessment  work  done  on  each.  One 
j  hundred  dollars  a  year  is  required  to  be  ex¬ 
pended  in  development  work  on  each  un¬ 
patented  claim,  in  defuult  of  which  the  claim 
may  be  relocated  by  other  miners.  In  early 
days  each  district  had  a  recorder  to  keep  such 
records,  hut  iu  later  years  the  recorder  was 
abolished  nnd  all  records  wore  transferred  to 
the  county  seats. 

Some  districts  havo  maintained  a  rather 
steady  output  for  many  years;  others  have  had 
a  large  but  short-lived  production;  and  still 
others  have  never  had  any  noteworthy  produc¬ 
tion  and  are  almost  unknown  to  tho  industry. 

In  1917  there  were  167  organized  and  un¬ 
organized  ruining  districts  iu  LTtah.  The  fol¬ 
lowing  is  a  nearly  complete  list,  with  the  date 
of  organization,  location,  and  tho  predomimit- 
;  ing  metals  and  minerals: 
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Mo,  on 
PI.  I 


.District. 


43 

1 

2 
3 


8 

0 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

21 


26 

27 

28 


2!) 

30 

SI 

32 

33 


County. 


Mining  i iinlrirtt  in  Utah. 


Date  of 
organization. 


ORGAN"  IZKD  DISTRICTS 

Adams  fi-ee  also  Hot 
8  firings). 

Aljime.  . . . 

American  I<‘ork . 

Antelope . 

Argenla . 


Salt  Lake. . 


July  3, 1873 


Utah . 

. do . I  July  21,1870 

Beaver . i  1877 


Morgan. 


Ashlirook . 1  Box  Elder . 

lltaver  Lake .  Beaver . 


Big  Cottonwood. . . 


Big  Indian . 

Black  Crook. 

Erickson. 

Blue  Boll . 


Blue  Ledge. 


Salt  Lake. . 


San  Juan. 
Tooele _ 


, . . ..do. . . 
Wasatch. 
San  Juan. 


Blue  Mountain 
(Moniicollo). 

Bolter  or  Boulder. .  .  I  Tooele . 

Box  Elder .  Box  Elder. 


Bradshaw .  Beaver. 


Bull  Valiev . I  Washington. 

(Mer'  j  Tooele . 

Carbonate . . |  Uinta . 

Castle  Peak . I  Wasatch . 


Fob.  11,1803 

Jtllv  1,  1871 
Aug.,  1871 

July  11,1870 


Jan.  30, 180-4 
Feb.  12,1806 
May  10,  1870 
Dec.  9. 1892 


Get. 

May 


2,  1880 
1, 1870 


/Apr.  16,  IS 
\Juuc  24,  18 


IS  70 
1894 


Cliftou  (Gold  Hill)  • 


Colorado  River. 


Tcoele. 


Garfield. 

Columbia . 1  Tooele... 

Coyote  Creek . 

Deseret  (Desert 
Mountain). 


1872). 

lard. 

Dugwaj- . 

Tooelo . 

F.  Ik  horn . 

Emery  (Lost  Springs) 

Emery . 

Erickson  (see  Black 

Tcoele . 

Crook ). 

Farmington . 

Davis . 

Fish  Springs . 

Juab... . 

Free  Coinage . 

Fremont  Islam! . 

Weber . 

Gold  Mountain 

Piute . 

(Kimberly). 

Gold  Springs . 

Iron . . . 

Gordon . 

Millard  and 
Beaver. 

Garfield . 

Juab . 


Oct.  18,  I860 


1S71 

May  3, 1879 


Juab  and  Mil-  Aug.  27,1879 


T.  10  S.,  u.  r,  W . 
T.  318..  R.  1  W. 
T.  10  S.,  R.  S\V. 


May  21,1875 
Dec.  6, 188:) 


Mar.  20,1891 

May  29,  1,895 
Aug.  3, 1871 


2-1,  1889 


Tp».  14  and  15  S.,  It. 
10  W. 

Tps.Oand  10S..  R,  12  W. 

T.2  8..R.3K . 

10  miles  west  of  Wocd- 
sido. 


East  and  southeast  of 
Farmington. 

T.  11  R..  R.  N  W.,  T. 

10  8.,  R.  10\V. 

T.  2  .8,,  Its.  0  and  7  W.. 
Island  in  Great  Salt 
Lake. 

T.  27  S.,R.  5W . 


T.  25  S.,  Its,  0  and  7  \V. 


42 


Approximate  location.'* 

Talents  1 
issued^ 
(showing 
impor¬ 
tance  of 
district). 

T.  1  X.,  R.1E . 

3 

T.  1  S.,  R.  1  E....’ . 

i 

T.  3  S.,  It.  3  E . 

86 

West  slope  ol  Granite 
Range  to  north  of 
Bradshaw. 

T  5  X.,  Ra.  2 and  3  K.  .  . 

3 

T.  11  X..  R.  18  \V . 

11 

T.  26  S.,  R.  12  W . 

19 

T.  2  S.,  R.  2  E . 

180 

T.  30  S..  R.  24  E . . 

4 

T.  10  S.,  ROW . 

6 

T.  10  S.,  It.  6  W . 

1 

T.2S.,  R.4E . 

T.  3-1  S.,  R.  22  E. . 

167 

T.  9  S..  R.  3  W . 

T.  10  X.,  R.  2  W . 

1 

T.  29  S..  Ra.  9  and  10  W. 

a 

28  miles  south  oi  Modeuu 

Jt.  C  S-,  Its.  3  and  -1  W.. 

291. 

T.  1  S.,  R.  21  E . 

12 

T.  9  S.,  R.  17  E . 

12 

Tpa.  7  and  8  S„  Its.  17 
and  18  W. 

111 

metals  and 
minerals,  in 
order  cf 
importance. 


13 

0 


35 


59 

I 


26 

3 


Silver,  lead. 

Do. 

Do. 

Iron,  silver. 


Lead,  silver, 
iron. 

Silver,  gold. 

Copper,  silver, 
lead. 

Silver,  lead, 
copper. 

Copper. 

Silver,  gold, 
lead,  nine. 

Lead,  silver, 
gold. 

Lead,  silvci, 
gold. 

Copper,  gold. 


Gold,  silver, 
lead,  copper. 
Gold,  silver. 

lead,  iron. 
Gold,  iron. 


Copper. 

Aspnalt  ami  bi¬ 
tuminous  nick 
deposits. 

Copper,  gold. 

Gold. 

Silver,  lead. 

Antimony. 

Copper,  silver. 

Copper,  siB'or 
gold,  manga¬ 
nese. 

Lead,  silver. 

Silver. 

Copper,  lead, 
co.d,  silver. 

Silver,  gold, 
lead,  zinc, 
copper. 

Copper. 

Silver,  lead. 

Clay  and  lima. 

c«.  53: 

slate. 

Gold,  silver. 


21 


Gold,  silver. 
Sulphur. 


0(  mt"*  VniM  8tal”  °r  (Vocnl,  Salt  Lake  Oily,  Utah,  showing  approxlmaw  mimlH-r pntents  ou  mining  elalmi  Issued  to  It*  cod 
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No.  on 
PI.  I 


District. 


County. 


Hat©  of 

organization. 


Approximate  location. 


3ti 

s; 

33 

39 
■10 

41 

42 

43 

44 

45 

40 


ORGANIZED  DIS¬ 
TRICTS — contd. 

Granite . 


ru»v 


1603 


Granite  Mountains. .  Tooele  . 

Graatsville . do..". .  ! 


Greeley  (South  of  ; . da 

Camp  Floyd). 

Green  River  (Cub 
Creek). 

Hardscrabble  (Mill 
Creek). 

Harrisburg  (Silver 

Heef). 

Henry . . 


Hot  Springs  (in¬ 
cludes  Adams). 


Indian  Teak. 
Iron  Springs. 


Uinta . 

Morgan . 

Washington. 

Sevier . 

Salt  Lake. .. 


.]  June  15,  1875 


i  Juno  23, 1874 
July  1883 

Dee.,  IS70 


47  I  Johnson  Peak(Trout 

|  Creek). 

IS  Juab . 

49  I  lakeside . 

50  I  La  Sol . 

51  |  Leamington  (Oak 

City). 

52  Lehi . . 

53  Lincoln . . 


Beaver. 
1  ron 
Juab... . 


T.  27  S„  Iks.  8  and  9  W. 


T.  7  S..’H.  13  W . 

T.  .5  8.,  It,  7  W . 


. .. ..do. 
Tooele. . 
Grand.. 

Millard. 


54 

55 


5(i 

57 


Little  Cottonwood 
(Alla). 

Lillie  Grande . 


Lower  Placer. . 
Lucio . . 


58  McGarry. 


59 

41 

CO 

Cl 

G2 

63 

64 

55 


Marino. 


Utah  ... 
Beaver . 


Sail  Lake. 
Grand.  ... 


Salt  Lake . 

Box  Elder . 


1871  and  Mar. 
27, 18711. 


T.  2  N.,  R.  2  R . 

T.  (I  S.,  It.  I  t  W . 

T.  20  S..  R.  I  W . 

T.  1  X.,  Rs.  I  and  2  R. 
T.  1  £.,  Rs.  1  and  2  K 


45  miles  northwest  of 
Lund. 

T.  25  S.,  R.  12  W . 


Patents 
issued 
(showing 
impor¬ 
tance  of 
district!. 


T.  13  S.,  R.  1  E . 

Mar.  25,1871  |  T.2.X.,  It.  9W . 

1S!)7  |  T.  213  S.,  R.  24  E . 

Mar.  11, 1886  Tps.  14  and  15  S.,  R.  3 

I  »’■ 

Jan.  11, 1894  J  Tps.  5  and  7  S„  R.  1  W 
Jan.  l(i,  1871  ,  T.  29  S.,  R.  !l  W . 


Dec.  20,1809  i  Tpa,2and3S.,Its.l-3F.. 


Heaver. 


Mill  Creek  (see 
Hardscrabble). 
Miners  Basin . 


Mona . ..... 


Monumental . 

Morgan . 

Mount  Baldy. 


Mount  Xebo  (Tim¬ 
mons). 

Mountain  Inks  (di¬ 
vided  in  1869-70 
into  Big  and  Lit¬ 
tle  Cotton- 
wood,  American 
Fork,  and  Uintah 
districts). 


Summit. 
Morgan. . 
Grand .  • . 
Juab... 


San  Jtinn . 

Morgan . 

Piute . 1 


Juab _ 

Salt  Lake. 


Auk.  6, 1SS7 
1889  and  Sept. 
2, 1872 
1870 


10  miles  south  of  Little 
Grande,  Denver  & 
RioGrande R.  R. 

T.  3  S. .  R.  2\V . 

T.  6.W,  R.  19  W . 


West  slope  of  Granite 
Range,  north  of  Brad¬ 
shaw.  . 

"miles  south  of  Park 
City. 


I 

May  27,1898  Tps.23and26S.,R.23E. 

. .  T.  11  S.,  R.  1  W . 


Nov.  10,1895 
Oct.  5,  1678 
Oct.  25,1870 
1807 


i  Tps  30—43  S.,  Rs. 6-23  E. 
T.  4  N„  Rs.  2«nd3E.. 
T  2S  8.,  R.  4  W . 


T.  11  S.,  R.  1  E . 


Predominating 
no.  'als  and 
minerals,  in 
order  of 
importance. 


3 

13 


ISO 


2 


24 

4 


toad  ,  silver, 
copper,  bis¬ 
muth. 

Silver. 

L  e  a  il  ,  silver, 
cooper, 

Gold. 

Do. 

Copper,  iron. 

Silver. 

Copper,  silver, 
gold. 

Silver,  lend, 
limestone  ior 
cement  and 

lime. 

l.end,  silver. 

Iron. 

G  o  1  d  ,  silver, 
copper. 

Gypsum. 

Lead,  silver. 

Copper. 

Silver,  lead. 

."Onyx  marble." 

Lead,  silver, 
copper,  gold, 
xinc. 

Silver,  lead,  cop¬ 
per,  gold. 

Manganese. 


Gold. 

Copper,  gold, 
silver,  lead. 
Iron,  silver. 


Marble,  copper, 
silver 

Iron,  B°ld,  sil¬ 
ver. 

Gold,  silver, 
copper. 

Gypsum,  lead, 
silver. 

Oil. 

Copper. 

Gold,  potash, 
mercury. 

Silver,  lead, 
sine. 
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Mining  district*  in  Utah — Continued. 


No.  on 
PI.  I. 

District. 

County. 

Date  of 
organization. 

Approximate  location. 

Patents 
issued 
(showing 
imjwr- 
tmire  of 
district). 

ORGANIZED  D  1  S- 

TRICTS — contd. 

66 

Newfoundland . 

Boa  Elder . 

1S72 

T.  o  X.,  R.  IS  W . 

2 

G7 

36 

98 

Newton . 

North  Granite  (see 
also  Granite). 
North  Star  (sco  also 
Star). 

Beaver . 

do 

No v.  26, 1892 
1865 

T jih. 27 and 288.,  R.GU*. 

6 

. do . 

Nov.  11,1871 

T.  28  S..  R.  11  W . 

20 

68 

North  Tin  lie  (Oaiis 
in  1873  and  Cale- 

Tooele  and 
Utah . 

1879  and  May 
•4,  1891 

1875-1879 

T.  9  S..  R.  2  W . 

38 

68 

60 

domain  1875). 
Oasis  (Caledonia). . . 
Ohio  (Marysville).  . . 

Ophir . 

Tooele . 

Piute . 

Feb.,  1868 

Tps.  27 and  28 S.,  R.4  W. 

T.6S..R.4W . 

46 

70 

Tooele . 

Aug.,  1872 

Aug.  6, 1870 

i-54 

71 

Osceola  (south  of 

. Jo . 

72 

Camp  Floyd). 
Paradise  ( La  Plata) . 
Park  Valiev . 

May  26, 1831 

T.  »  X  .  R.  2  F. 

6 

73 

Box  lilder . 

13  miles  northwest  of 
Kelton. 

16 

7-1 

Parson . 

Utah . 

1H71-72 

76 

Pino  Grove . 

Beaver . 

1873 

satch  Range. 
Tpa-28and2!>  S.,R.10  W. 
T.  30  S.,  R.  14  W.  . 

4 

76 

Pinto  Iron  (silver 
belt). 

Promontory . 

Iron . 

May  20,  180S 

57 

77 

Box  Elder.  .  ... 

Lakeside,  .Saline,  South¬ 
ern  Pacific  R.  R. 

T.  6  S.,  R.  3  E. 

78 

Provo . 

Utah . 

Mar.  11, 1871 
Sept  1,1880 

3 

79 

Pruess  (Xewhouse) . . 

Beaver . 

T.  26  S.,  R.  13  W . 

8 

80 

Richard  sou . 

Grand . 

27  miles  south  of  Cisco. 
Denver  A  Rio  Gnindo 
R.  R. 

T  13  X  R  2  F 

81 

Richmond.  . 

( 'aoh« . 

1 

82 

Rhodes  Plateau 

Wasatch . 

S3 

(Woodland). 

Rocky . 

Beaver.  . 

Mar.  27,1872 

1873 

T  27  s  n  1 1  W 

(1 

84 

Rosebud . 

Box  Elder . 

10  miles  northwest  of 
Terraco. 

T.  4  8.,  R.  -I  W  . . 

S5 

Rush  Valiev  (Stock- 

Tcocte . 

June  12,  1864 

137 

8G 

ton). 

Salina  Creek . 

Sevier . 

87 

San  Francisco  (Fris- 

Beaver . 

Aug.  12,  1871 

T.  27  S.,  H.  13  W . 

74 

co). 

88 

San  Rafael . 

Emerv . 

18  miles  southwest  of 
Green  River,  Denver 
&  Rio  Grande  R.  II, 

10  miles  west  of  St. 
George. 

T  in  S  It  t  R 

89 

Santa  Clara . 

Washington . 

1880 

90 

Santaquin . 

Utah . 

1871 

3 

91 

Saw  Back . 

Millard . 

1872 

92 

Sierra  Madro . 

Feb.  12,  1902 

1872 

/Tps.  7-8  N.,  R.  1  W  ... 

\  2 

93 

Silver  Islet . 

Tooele . 

(Tps.  7-3  N.,  It.  1  E . 

/  2 

9-1 

Silver  Lake . 

Utah . 

Jau.  28, 1871 

T.  1  S.,  R.  2  W . 

5 

95 

Snake  Crook  (for- 

Wasatch . 

May  10,  1870 

1S70-7I 

Tps.  2  and  3  S.,  Rs.  3 
and  4  E. 

Western  Hank  Wasatch 
Range  south  of  Provo 
district. 

191 

96a 

mcrly  Whita  Pine, 
Howland). 

Spanish  Fork  (Cook) 

Utah . 

Predominating 
i- 1  e  Li  la  an  d 
minerals,  in 
order  of 
importance. 


topper,  silver, 
bismuth. 
Gold,  rnlver. 
Lead,  low-grade 
oro. 

Silver,  gold, 
copper,  lead, 

zinc. 

Zinc,  lead,  Oli¬ 
ver. 


Gold,  silver, 

lead. 

Silver,  lead, 
zinc. 


Lead,  silver. 

Gold,  ailver, 
copjier,  lead. 

Silver  (low 
grade). 

Gold,  silver. 

Iron,  lead,  sil¬ 
ver. 

Ziue,  lead,  top¬ 
per,  silver. 

Lead,  silver. 

Copper,  gold, 
silver. 

Umuium,  vana¬ 
dium. 

Topper. 

I  ran  oud  man¬ 
go  nesc. 

Topper,  gold, 
silver,  iron. 

Lend,  silver. 
KcW. 

Silver. 

Lead,  nine. 

Laid,  copper, 
silver,  gold, 
*ioc. 

Uranium,  vana¬ 
dium,  copper. 

Silvor. 

Silver,  lead. 


Copper,  silver 
Lend,  rilvar, 


copper. 
Lead,  silver. 
Silver,  le.tf. 


Lead,  silver. 
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j'n|  District. 


rC,mly’  organization.  Approximate  location.  | 

tance  of 

1  district). 


^ucd  Predominating 

j  (shoai 

1  CTof  SVn 

dtarirO  importance. 


!  OKC.  AK1ZKH  HI  S- 

thictn— contd, 


97 

Spring  Creek . 

Juab . 

Juno  4, 1891 

98 

Star  (known  as 

Beaver . 

J  uly  S’  1870 

South  Star). 

00 

Smelter .  . 

Salt  Lake... 

100 

Staleline . . . . 

Iron . 

1806 

101 

Sterling . 

Heaver . 

Feb.,  1SS0 

102 

1  Sulphur . 

. do . 

38 

!  Third  Terra  (see 

Tooele . 

, 

r.lso  G ran tsvi lie \ 

.  . 

103 

TitleweH  A  Rideout. 

Carbon . 

Feb.  21, 1890 

Go  1 

Timmons  (sec  also 

Mount  Ne'oci. 

104 

Tintie . 

Juab  ami  Utah.. 

Dec.  13, 1869 

105 

Tooele . 

Tuocl« . 

1870 

106  I 

|  Tutsagubet . 

Washing  Ion . 

June  2, 1883 

i07 

'  UiutahlPark  City). . 

Summit . 

J  illy  8,1871 

11)8 

Utah  (eastern  part 

Utah . . 

of  Tin  Lie  district). 

Wasatch  (see  also 

Salt  Lake . 

Julv  20,  1864 

I 

Mountain  Lake). 

10!) 

|  Washington . 

Beaver . 

1379 

22  Gold,  silver. 

3->  I.ead,  silver, 
copper,  gold, 
/.mo. 


and  20  W. 

Wall  wnh  Range  \v 
Frisco. 

T.  20  S.,  It.  U  \V 


Gold,  silver. 

Iron. 

Sulphur. 
la*ud,  silver, 
copper. 
Asphalt. 


*  r  •  •  * 

:t  W 

T.  3  S„  It.  .1  W. 


T.  29  S„  It.  10  \Y. 


Weber  (formerly 
Junction  18(10). 
West  Mountain 
(Bingham). 

West  Timic . 


113  Wheeler  Desert . 

114  White  Canyon  (Eito) 

White  River . I 


115  i  Willard . . . . . 

116  I  Willow  Springs. 


50  Wilson  Mesa  (see 
also  Ln  Sal). 

.  US'OKGAKIZED  DIS- 
TIUCTS. 


} Weber .  Fob.,  1878  {J;  {j  J;;  g;  J  •  ;; 

Salt  Lake .  Dec.  17,1863  T.  3  S.,'  It.  3  W.'.'.. 

Juab .  1S70,  roorgan-  T.  11  S.,  It.  5  W . I 

ized  Nov. 

29, 1S32 

Grand .  June  21, 1901  T.  23  S.,  R.  17  E . 

.  1<!00  /T.  31  S.,  R.  10  E . 

Gttrfi«W .  1S9-  \T.  36  S.,  R.  13  E . 

Wasatch  and  Sept.,  1879  |  Northeast  of  Clear  Creek 
Utah.  elation,  Denver  A  Rio 

I  Graudo  It.  R. 

Box  Elder .  July  30.1.370  TJN..R.2W .  I 

_  ,  ,eo,  ilT.  10  S.,  It.  IS  \V . 

Tooele .  May  21, 1S91  9  s  ,  R.  18  W . 

Grand . I  19  miles  southeast  of 

Thim  psoru),  Denver 
I  A  Rio  Grande  R.  R. 


S73  Gnld,  silver, 
lead,  zinc. 

26  Gald.nilvor, 
cop|>cr,  lead. 

3  Copper,  lead. 

8-15  Silver,  load, 
/.inc,  copper. 

3  Silver,  copper, 
lead. 

.  Granite. 


8  Silver,  copper 
lead,  gold. 

,  fSil  vsr  ,  lead, 
t  gold. 

837  Copper,  load,  sil¬ 
ver,  gold,  zinc. 
5  Silver,  lead. 


g  '/Gold,  copper, 
\  uranium. 
Hydrocarbons. 

6  Iron,  antimony. 

1  Silver,  lead. 

...|  Gold. 


'(T.13N.,  Its.  I  I  and  15  W.  . 

. 

i&T* 'V-V-'III  Illlinmi’II-  Tp"62Sand 3  ND,  )U  W. ! . 

Eraerv  . .  TilS  S.,  R.,  13  R . 

Gra„J .  .  T.  32  8.,  R.  IS  E . 

Vi,Wrt .  .  T.  16S..R.  12  W . 

SSte»:::: . 


1  Copper. 


Cpvi^r  . .  *  •  “  *  o ,m  rv.  i 

sS .  .  T,  2  S.,  R.  6  E... 

iiuSJte » . t.  igs.,r.*k. 


4 

1 

g 

I 

1  Lead . 

i 

1  Stooe. 
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No.  on 
PI.  I. 

District. 

County. 

Date  of 
organization. 

Approximate  location. 

Patents 
issued 
(showing 
impor¬ 
tance  ot 

distriet). 

Predominating 
metals  and 
minerals,  in 
order  of 
Importance. 

UNORGANIZED  Pl'i- 
THICT8 — I'onld  • 

fT.  3S..  R.  3\V . 

Tooele . 

r,  g  it.  :tw . 

T.  1  S.,  R.  11  W . 

36 

Copper,  gold, 
silver. 

Silver,  copper, 
and  fluorite. 

. 

(Wild  Cat.  Moun¬ 
tains.) 

T.  1  N„  H.  n  w . 

Ties.  7  and 8  S„  R.  3  W. . 
T.  1  S.,  Us.  11  and  13  \V. 

Uintah  special  base  and 
meridian. 

T.  2  S„  R.  2  E . 

Tps.  1-3  S.,  R.  1  E . 

T.  1  S.,  Its.  3-3  W . 

T.  4  S.,  Rs.  1-3  E . 

T.  5  S.,  Rs.  5-7  \V . 

[JTydroearbons, 

1  copper,  gold, 

)  silver,  build- 
(  ing  stone. 

Uinta . 

T.  0  S.;  Rs.  5-7  \V . 

as 

Salt  lake  base  and  me¬ 
ridian. 

T.  9  S.,  R.  25  E . 

T.  9  S.i  R.  21  E . 

f .  12  S.  R.  25  E . 

T.  US.,  R.  24  E . 

T.  10  S..  R.  24  E . 

T.  9  S.,  R.  4  E . 

1 

T.  9  S.!  R.  7  E . 

(Hydrocarbons, 

J  limestone, 

|  lithograph 
l  rock. 

T.  10  S.,  R.  4  E . 

Utah  . 

T.  10  S.,  R.  5  E . 

24 

T.  10  R.j  R.  2  W . 

T.  11  S.i  R.  8  E . 

T.  II  S.i  R.  9  E . 

(T.  2S„  R.  9  E . 

Wasatch . 

T.  IDS.,  R.  8  E . 

21 

Building  stone. 

Copper. 

IT.  11  S.,  R.  1!  E . 

r.  38  S..  R.  17  W . 

2 

ORE  DEPOSITS. 

CLASSIFICATION. 

Tho  ore  deposits  of  the  State  may  bo  classified 
according  to  age.  form,  or  genesis.  For  the 
purpose  of  comparison  of  the  various  deposits, 
which  is  one  of  the  main  objects  of  the  general 
discussion,  a  genetic  classification  has  numerous 
advantages  and  is  used  in  tins  paper  as  the 
basis  for  the  main  divisions,  further  subdivision 
being  made  on  the  basis  of  the  metal  content. 
In  the  discussion  of  individual  districts  use  is 
mado  of  such  other  characteristic-  features  as 
soom  best  to  bring  out  tho  relations  in  the  par¬ 
ticular  area. 

The  classification  adopted  is  based  on  that 
proposed  by  Lindgren.1 

'  Hwlgron,  Wuideinar.  Miiicnd  deparfU,  p.  lvi,  Nrw  Vorlt,  UoC.iaw- 
1III1  Utolc  Co.,  MH3 


ORIGIN. 

DEPOSITS  DUE  TO  MECHANICAL  CONCENTRATION 
GOLD  PLACERS. 

Gold  placers  within  the  State  aro  neither 
numerous  nor  of  great  importance.  Tire  only 
ones  that  have  contributed  largely  to  tho  gold 
output  aro  those  of  the  Bingham  district, 
though  others  have  been  worked  in  tho  Lit  Sal 
Mountains,  the  ITenry  Mountains,  near  Murys- 
valo,  and  on  Colorado  River  and  its  tributaries, 
Green.  Grand,  and  San  Juan  rivers.  The  total 
output  probably  bias  not  exceeded  S1,SOO,COO 
in  value. 

The  deposits  in  the  Bingham  district  are  in 
the  bench  gravels  of  Bingham  Canyon  and  its 
tributaries  and  in  stream  gravels  that  have 
been  largely  derived  from  the  reworking  of  the 
bench  deposits. 


OBE  DEPOSITS. 
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The  occurrence  of  the  gold  is  typical.  In 
general,  the  richest,  deposits  arc  near  bedrock 
though  sorao  aro  in  pay  streaks  higher  in  the 
gravels.  The  gold  is  rather  coarse,  especially 
near  the  heads  of  the  canyons,  and  finer  further 
downstream.  The  canyons  drain  a  mineral¬ 
ized  area  and  then',  can  be  little  doubt  that 
the  gold  was  freed  and  concentrated  through 
the  weathering  and  erosion  of  the  neighboring 
rocks.  (See  also  p.  3ftl.) 

Tho  deposits  in  the  La  Sal  Mountains  occur 
on  a  high  bench  or  mesa  that,  marks  the  level 
at  which  the  mountain  streams  flowed  out  on  a 
plain  surrounding  the  mountains  at  an  earlier 
period  in  tho  physiographic  development  of  the 
region.  Later  an  uplift  of  the  region  caused  tho 
streams  to  cut  canyons  in  the  mesas  siuround- 
ing  the  mountains.  The  weathering  of  the-  ma¬ 
terial  in  these  deposits  has  not  been  very  com¬ 
plete  and  the  short  distance  thut  the  gold  has 
been  transported  has  not  entirely  freed  it  from 
gangue  minerals,  so  that  its  recovery  is  difficult. 
The  associated  rocks  and  minerals  indicate 
that  the  gold  has  been  derived  from  the  gold- 
copper  veins  of  the  La  Sol  Mountains. 

The  deposits  of  the  Homy  Mountains  aro 
apparently  in  general  similar  to  those  of  the 
La  Sal  Mountains,  though  gold  has  been 
recovered  from  stream  beds  as  well  us  from ! 
gravels  on  benches  and  mesas.  As  in  the 
La  Sul  Mountains  the  gold  lifts  been  derived 
from  the  neighboring  gold-copper  veins. 

The  deposits  near  Marysvale  arc  at  the  base 
of  the  range  on  a  bench  that  marks  the  level  at 
which  the  streams  once  flowed.  The  principal 
deposits  are  near  tho  mouth  of  Bullion  Canyon, 
and  there  is  little  doubt  thut  the  gold  was 
derived  from  gold-bearing  veins  cut  by  the 
stream  flowing  therein. 

A  little  gold  has  been  recovered  from  placers 
below  the  outcrop  of  the  Annie  Laurie  vein  in 
the  Mount  Bnldy  district.  Gold  is  also  re¬ 
ported  in  the  gravels  on  tho  west  sine  of  the 
Tushar  Range,  but  none  has  boon  produced. 

Some  of  the  gold-bearing  districts,  notably 
the  Mercur  and  tho  Tiutie,  contain  no  placer  j 
doposits.  In  the  Mercur,  and  possibly  in  the 
Tintic,  this  is  attributable  to  the  finely  divided 
condition  of  the  gold,  which  docs  not  favor  its  j 
concentration  in  placers.  In  the  Tintic  dis¬ 
trict  tho  small  amount  of  the  deposits  that 
have  been  removed  by  erosion  may  also  bo  a 
factor. 


Numerous  river  placers,  both  bench  and 
stream,  occur  along  Colorado  River  and  its 
principal  tributaries.  Tho  gold  is  very  finely 
divided  and  shows  little  tendency  to  form  rich 
pay  streaks.  A  little  platinum  has  boon  found 
with  the  gold.  Tho  deposits  have  been 
worked  to  some  extent  at  numerous  localities, 
but  recovery  of  the  fine  gold  has  everywhere 
been  difficult  and  the  operations  have  not  been 
very  successful.  Dredging  has  been  tried  on 
Green  and  Colorado  rivers  but  has  not  proved 
successful. 

Tho  gold  has  possibly  been  derived  from 
tho  sedimentary  rocks  of  tho  region,  which 
are  known  to  contain  the  metal  in  small 
amounts,  or  from  gold-hearing  deposits  near 
the  headwaters  of  the  streams.  The  bench 
placers  were  formed  in  the  river  channels  during 
earlier  stages  in  tho  physiographic  development 
of  the  region,  and  modern  stream  placers  arc 
now  being  formed  by  a  concentration  of  the 
gold  brought  into  tho  rivers  by  the  weathering 
and  erosion  of  the  rocks  of  the  adjacent  areas 
and  of  the  eurlier  deposits.  (Sec  also  p.  040.) 

The  bluck  sands  that  accompany  tho  gold 
|  might  be  of  commercial  value  under  favorable 
|  conditions.  These  block  sands  are  composed 
mainly  of  m  ague  tit  e  wi  th  lesser  amou  n  ts  of  ibnen- 
itcarul  chromite  nnd  of  heavy  silicates,  such  ns 
garnet  and  zircon.  In  some  placers  they  aresuid 
to  constitute  7  to  8  per  cent  of  the  gold-hearing 
material,  and  to  contnip,  uftor  amalgamation 
treatment,  as  much  as  »3  to  84  in  gold  to  the 
ton,  but  they  doubtless  averago  much  loss, 
j  If  such  material  could  be  shipped  cheaply  to 
I  the  smelters,  the  value  of  its  iron  for  fluxing 
might  pay  n  large  part  of  tho  cost,  leaving  the 
gold  as  a  profit.  Under  present  transporta¬ 
tion  conditions,  however,  the  black  sands 
probably  have  no  value. 

001.0  IX  consolidated  sediments. 

The  Triassic.  and  Jurassic  sandstones  and 
shales  of  tho  plateau  region  contain  small 
amounts  of  gold  over  large  areas.  Lawson 
estimates  that  at  Parin,  where  they  .have  been 
carefully  and  rather  extensively  sampled,  each 
cubic  yard  of  rock  contains  shout  5  cents 
worth  of  gold.  Similar  quantities  aro  prob¬ 
ably  present  in  the  rocks  over  many  hundreds 
of  square  miles.  The  gold  is  very  finely 
divided  nnd,  it  is  said,  can  not  he  collected  by 
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panning.  Unsuccessful  attempts  to  exploit 
duposits  of  this  churucter  have  been  made  at 
Paris  and  on  lower  Snn  Juan  River. 

The  gold  content  of  the  rocks  was  doubtless 
derived  from  the  same  source  ns  the  other 
materials  making  up  the  sediments,  possibly 
from  the  arcu  to  the  north  and  east,  where  the 
Tri ossic  and  Jurassic  formations  overlap  the 
pro-Cambrian  rocks.  Many  and  perhaps 
most  sedimentary  rocks  contain  traces  of 
gold,  but  the  content  of  these  rocks  is  ol>ove 
the  normul.  Tho  wide  distribution  of  the 
auriferous  sediments  indicates  that  tho  rocks 
from  which  they  were  derived  must  have 
contained  rather  abundant  metal  deposits. 
(See  also  p.  G3i>.) 

DEPOSITS  DUE  TO  CHEMICAL  CONCENTRATION  OF 

MATERIAL  ORIGINALLY  DISSEMINATED  IN  THE 

ROCK. 

The  deposits  in  the  sandstones  of  the  Plateau 
region  show  great  differences  in  their  metal 
content  and  some  differences  in  their  geologic 
occurrence,  but  they  possess  so  many  features  j 
in  common  that  practically  all  geologists  and 
engineers  who  have  examined  them  consider 
them  to  be  of  one  type.  There  is,  however, 
no  such  agreement  as  to  the  source  of  their  met¬ 
als,  which  are  believed  by  some  to  have  been  in¬ 
troduced  from  ou  tside  sources  and  by  others  to 
have  been  deposited  with  the  rocks  in  essentially 
thou"  present  concentration.  The  author  be¬ 
lieves  that  they  were  produced  by  the  concen¬ 
tration  of  metals  originally  deposited  with  the 
sediments. 

DISTRIBUTION'  OF  TUB  DEPOSITS. 

Geologically  the  deposits  of  this  type  range 
in  age  from  upper  Carboniferous  to  Tertiary, 
Geographically  they  are  widely  distributed, 
but  those  of  commercial  importance  that  have 
been  thus  far  developed  lie  in  a  few  rather 
well-defined  regions,  namely,  the  areas  nroumi 
the  La  Sal  Mountains,  the  San  Rafael  Swell, 
the  Henry  Mountains,  and  the  vicinity  of 
Leeds. 

On  tho  basis  of  metal  content  tho  deposits 
may  be  separated  into  four  principal  groups — 
silver  deposits,  copper  deposits,  uratiium- 
vanudium  deposits,  and  manganese  deposits, 
a  deposit  rich  in  one  of  these  metals  or  group 
of  metals  being  usually  deficient  in  tho  others. 
For  example,  the  deposits  of  tho  Silver  Reef 


district  are  rich  in  silver,  but  contain  rela¬ 
tively  little  copper,  and,  so  far  us  known,  rela¬ 
tively  little  uranium  and  vanadium.  Most 
commercial  deposits  of  copper  contain  little 
or  no  uranium  and  vanadium  and  little  silver, 
though  a  few  of  them  are  rather  rich  in  silver. 
Most  deposits  that  are  particularly  rich  in 
uranium  and  vanadium  contuin  little  copper 
and  commonly  littlo  silver,  though  many  of 
them  contain  chromium  and  some  contain  it 
in  abundance.  Manganese  in  small  amount  is 
rather  generally  present,  but  where  it  is  suffi¬ 
ciently  concentrated  to  form  an  ore  the  other 
metuls  are  commonly  absent.  Of  the  minor 
metals  selenium  is  rather  widely  distributed 
in  deposits  of  this  typo,  but  thus  far  has 
not  been  found  in  commercial  quantities.  Co¬ 
balt  is  present  in  the  Dolly  Varden  mine  in 
White  Canyon  and  perhaps  in  other  dep<sils, 
lead  occurs  at  Miners  Mountain,  und  iron  is 
associated  with  all  the  deposits. 

The  copper  deposits  are  most  widely 
distributed  geographically.  They  are  scat¬ 
tered  over  the  Plateau  region  from  tho  south¬ 
ern  border  of  tho  State  north  to  the  lino  of  the 
Denver  &  Rio  Grande  Railroad  and  are  found 
still  farther  north  in  the  Uinta  Basin,  moat 
extensively  in  the  vicinity  of  Ouray.  Similar 
deposits  are  present  over  a  wide  area  in 
Arizona,  New  Mexico,  Colorado,  Texas,  and 
0 Ida  horn  u. 

Important  silver  deposits  are  far  more 
restricted  in  distribution,  the  Silver  Reef 
district  being  tho  only  largo  producer  of  nilver 
ores  of  this  typo  in  Utah,  though  similar  ores 
occur  in  Colorado  and  copper  ores  containing 
important  amounts  of  silver  have  been  ex¬ 
tracted  from  deposits  north  of  the  La  Sal 
Mountains,  and  especially  from  the  Cashin 
mine  in  western  Colorado,  a  few  miles  east  of 
the  Utah-Cnlorado  State  line. 

The  uranium-vanadium  deposits  ure  also 
far  more  restricted  geographi colly  than  the 
copper  deposits,  the  more  important  deposits 
being  apparently  confined  to  tho  Plateau  area 
of  eastern  Utah  and  western  Colorado.  In 
Utah  the  larger  known  deposits  of  this  typo  lie 
south  of  the  Denver  &  Rio  Grande  Railroad  and 
extend  from  the  Sau  Rafael  Swell  eastward  to 
Colorado  and  southward  to  the  Henry  Moun¬ 
tains.  Uranium  and  vanadium  minerals  have 
been  found  outside  of  this  area,  at  Silver  Reef 
and  near  Purin  at  Burr  Flats,  in  Rabbit  Valley» 
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placed  by  sulphide  from  the  blue  dike  mink. 
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D  enlargement  of  c.  showing  remnants  of  iron 
SULPHIDE. 


.  REPLACEMENT  OK  VEGETABLE  MATTER  BY  IRON  SI  1- 
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I  LHK.  FROM  CIRCLE  CUFFS. 
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and  in  other  localities,  but  so  far  have  not 
been  commercially  exploited. 

Manganese  has  been  extracted  on  a  com¬ 
mercial  scale  ut  only  a  few  localities,  mainly 
in  the  Little  Grande  district,  about  25  mile's 
southeast  of  Green  River,  nnd  at  several  locali¬ 
ties  east  of  this  district. 

Geologically  as  well  as  geographically  copper 
is  tho  most  widely  distributed  of  the  metals, 
occurring  in  rock  from  upper  Carboniferous  to 
Tertiary  in  ago.  The  deposits  in  the  Uinta 
Basin  are,  so  far  as  known  to  the  writer,  the 
only  occurrences  in  t  he  West  of  deposits  of  this 
type-in  rocks  as  late  as  Tertiary. 

The  only  Inrgo  deposits  in  which  silver  is 
the  important  metallic  constituent,  are  those 
in  tho  Tviassic  rocks  of  tho  Silver  Reef  district. 
Somewhat,  similar  deposits  at  Eagle,  Colo.,  are 
probably  in  Jurassic,  sandstones.  In  the  Cnshin 
mine  in  western  Colorado  rich  copper-silver 
ores  occur  in  a  fissure  in  Jurassic  and  Trinssic 
rocks  and  the  ores  are  probably  in  both. 

Tho  uranium  and  vanadium  deposits  thus 
far  developed  arc  in  tho  Upper  Jurassic  (?) 
(McElmo  formation)  and  the  Triassic,  ns  at 
Temple  Rock  on  tho  Sun  Rafael  Swell,  near 
Fruita,  at  Richardson,  north  of  the  La  Snl 
Mountains,  and  in  White  Canyon. 

The  only  manganese  deposits  from  which 
ore  has  been  shipped  are  in  Jurassic  (?)  rocks  of 
the  McElmo  formation.  Manganese  is  present, 
however,  in  many  deposits  and  at  several 
horizons. 

CHARACTER  OK  THE  DEPOSITS. 

Deposits  of  this  type  are  characteristically 
lenticular  bodies  in  sandstone,  frequently  asso¬ 
ciated  with  vegetable  mutter.  They  may 
vary  in  extent  from  those  confined  to  a  single 
tree  trunk  to  the  impregnation  of  tho  strata 
with  mineral  over  a  largo  area. 

The  deposits  of  this  type  within  tho  State 
have  several  characteristics  in  common,  regard¬ 
less  of  their  geographical  distribution,  the  age 
of  their  inclosing  rack,  and  their  metal  content. 
Nearly  all  of  them  occur  in  sandstones,  most 
of  which  are  rather  coarse  and  many  of  which 
contain  lenses  of  conglomerate.  The  sand¬ 
stones  are  almost  invariably  light  gray  in  color, 
though  the  series  of  rocks  of  which  they  form  a 
part  is  prevailingly  red.  Some  of  the  deposits, 
as  those  of  the  Silver  Reef  district,  occur  in 


small  lenses  of  shale  in  the  snndstone  that 
have  been  converted  into  oro  through  the 
deposition  of  minerals  along  planes  of  move¬ 
ment. 

Plant  remains  are  characteristically  asso¬ 
ciated  with  the  deposits,  and  in  many  places 
are  abundant.  They  are  commonly  in  part 
silicified  and  in  part  carbonized.  Tho  ore 
minerals  are  associated  with  the  carbonized 
material  and  have  replaced  tho  calcareous  or 
clayey  cementing  material  of  the  rack  and  also 
some  of  the  quartz  grains.  Silicified  fossil 
plants  contain  little,  if  any,  metal,  but  car¬ 
bonized  plants  may  contain  much. 

Sulphide  minerals  have  been  found  by  the 
writer  in  few  of  tho  Utah  deposits,  and  the 
material  collected  by  him  is  not  suitable  for  an 
adequate  study  of  the  original  mineralization. 
Sulphides  replace  both  the  vegetable  materia], 
as  in  the  Blue  Dike  mine,  White  Canyon,  ami 
tho  cement  of  the  rock.  In  the  Blue  Diko 
material  tho  earliest  sulphides  represented  uro 
pyrilo  and  ehnlcopyrite,  which  have  been 
partly  altered  to  chalcoeite  and  covcllifco. 

The  cellular  structure  of  tho  vegetable 
material  is  well  preserved  (see  1*1.  XIV)  in 
these  specimens  ns  well  as  in  those  from  other 
localities.  Fath  1  has  described  the  preserva¬ 
tion  of  the  cellular  structure  of  wood  during 
its  replacement  by  iron  sulpliido  in  the  “Red 
Beds”  in  Oklahoma  and  the  subsequent 
replacement  of  tho  iron  sulphide  by  chalcocitc. 

Hess 2  has  pointed  out  that  the  cellular 
structure  of  the  wood  is  preserved  in  specimens 
of  copper  ora  replacing  vegetable  matter 
examined  by  him,  and  has  concluded  that  tho 
replacement  occurred  before  the  wood  was 
carbonized. 

Carbonized  material  in  which  tho  cellular 
structure  is  preserved,  and  which  is  known  to 
be  similar  to  that  replaced  by  sulphides,  was 
not  obtained.  Carbonized  material  from  the 
Dolly  Vardcn  mine,  near  the  Blue  Dike 
prospect,  lvas  the  cellular  structure  preserved 
with  no  indication  of  flattening  of  the  calls. 
The  cells,  however,  are  much  smaller  than 
those  replaced  by  copper  in  the  Blue  Dike  ma¬ 
terial.  (Seo  PI.  XIV.)  David  White  believes 
that  the  cells  in  the  carbonized  material  have 

*  Fath,  A.  K.,  Topper  deposits  of  ibo  m!  of 
Oklahoma:  Rcon.  ticsJofy,  vol.  10,  pp.  140-130,  1913. 

■  Hcsa,  F.  L.,  A  hypuibfcd.*  for  the  oritfn  of  the  cornotHe*  of  Colomdo 
and  Utah:  Econ.  Urology,  vol.  0,  p.  *51,  JUH. 
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shrunk  materially  during  carbonization.  If 
this  represents  the  same  type  of  material  as 
that  replaced  by  the  sulphide,  the  replacement 
evidently  occurred  before  the  carbonized  ma¬ 
terial  reached  its  present  condition. 

The  alteration  of  tho  wood  in  shale  bods 
differs  markedly  from  that  in  the  sandstone. 
In  several  localities  in  tho  Circle  Cliffs  (Burr 
Flats)  region,  and  also  in  Rabbit  Valley,  the 
shale  beds  beneath  the  “tree-hearing”  sand¬ 
stones  contain  what  appear  to  ho  upright 
stumps,  though  it  was  not  shown  that  they 
have  roots  in  place.  These  stumps,  instead  of 
being  converted  into  cherty  material  as  are 
those  in  the  overlying  sandstones,  consist  of  a 
friable  mass  of  silica,  gypsum,  carbonized  wood, 
and  iron  sulphide  with  its  oxidation  products, 
basic  sulphate,  and  limonite.  The  iron  sul¬ 
phide  has  replaced  tho  wood  and  preserved 
tho  cellular  structure,  which  is  brought  out 
prominently  on  the  alteration  to  limonite. 
(See  PI.  XIV.)  So  far  as  tho  writer  is  aware, 
no  metallic  minerals  other  than  iron  have  been 
found  in  petrified  wood  in  the  shale,  though 
tho  yellow  basic  iron  sulphate  jarosite,  which 
in  many  places  is  rather  abundant,  bos  fre¬ 
quently  been  mistaken  for  carnotite. 

Nodular  masses  of  iron  sulpiride  partly  re¬ 
placed  by  copper  sulphide  were  observed  in  the 
ore  from  the  Big  Indian  mine.  (See  PI.  L, 
B,  p.  614.) 

In  the  Silver  Reef  district  the  primary  silver 
mineral  was  probably  the  sulpiride  argentitc, 
though  it  has  been  suggested  (p.  593)  that  this 
may  be  secondary.  In  the  oxidized  zono  tho 
silver  is  present  as  the  chloride  corargyrire  and 
as  native  silver. 

The  form  in  wliich  the  uranium  and  vana¬ 
dium  minerals  were  originally  present  is  as  yet 
uncertain.  At  present  much  of  tho  uranium 
is  in  the  form  of  carnotite,  though  in  somo  de¬ 
posits  other-  uranium  minerals  are  more  im¬ 
portant.  Hcwettite  and  carnotite  are  the  com¬ 
mon  vanadium  compounds,  but  others  are 
present. 

RELATION"  OF  DEPOSITS  TO  OEOTXJOIC  STRUCTURE. 

The  relation  of  the  more  important  deposits 
to  the  geologic  structure  is  very  apparent,  and 
careful  study  of  tho  lesser  deposits  will  prob¬ 
ably  reveal  similar  though  less  obvions  rela¬ 
tions. 


The  Silver  Reef  deposits/  which  commer¬ 
cially  are  bv  far  the  most  important  of  this  type 
yet  found  in  tliis  country,  are  near  the  crest  of 
a  prominent  anticline.  Where  the  ore-bearing 
strata  have  been  removed  for  several  hundred 
feet  below  the  crest  of  tho  ant  iclino  the  remain¬ 
ing  portion  docs  not  contain  ore.  (See  Pis. 
XTjYT,  hi  pocket,  and  XLVII,  p.  5S6.) 

The  copper  deposits  in  Salt  Wash,  northwest 
of  the  La  Sal  Mountains,  show  a  similar  relation 
to  tho  Salt  Wash  anticline;  and  the  deposits 
of  Big  Indian  Valley  are  associated  with  fis¬ 
sures  and  are  in  the  south  limb  of  an  anticline. 
'Hie  Casliin  deposit  in  western  Colorado  is  dis¬ 
tinctly  associated  with  a  fissure.  In  other 
copper  deposits  the  relation  to  structure  is 
not  superficially  apparent;  for  example,  the 
deposits  in  the  Tertiary  sandstones  near  Ouray. 

Reports  ou  the  uranium  and  vanadium  de¬ 
posits  of  Utah  and  Colorado  do  not  call  atten¬ 
tion  to  any  close  relation  between  them  and  the 
geologic  structure,  though  Gale  2  states  that 
the  deposits  in  Routt  County,  Colo.,  are  “very 
evidently  more  crusts  or  coatings  or  superfi¬ 
cial  impregnations  in  sheared,  brecciated,  and 
jointed  zones  iri  the  rock  moss.  The  zones  of 
brecciation  evidently  mark  the  path  of  ihe 
mineralizing  solutions.”  Gale  further  notes 
that  the  deposits  are  “on  the  southern  flank 
of  a  domal  flexure  or  uplift.”  Ransomo 1  has 
called  attention  to  their  association  with  minor 
structures  behoved  to  bo  of  recent  origin. 

It  may  be  pointed  out  that  all  the  districts 
in  wliich  important  deposits  have  thus  far  been 
discovered  are  associated  with  important 
structural  features.  Thus,  the  largest  field  in 
Colorado  and  adjacent  parts  of  Utah  is  within 
the  great  series  of  northwest-southeast  folds 
that  center  in  the  La  Sal  Mountains.  Fran 
the  relations  of  the  Silver  Reef  and  Salt  Wash 
deposits  one  m  ight  oxpect  a  relation  between  the 
Paradox  anticline  and  the  deposits  of  that  re¬ 
gion,  between  the  Gypsum  Valley  anticline  and 
the  deposits  of  that  region,  between  tho  Soil 
Wash  anticline  (or  the  associated  faults)  and 
tlio  Richardson  doposits,  and  between  tho  Dome 
Plateau  anticline  and  the  deposits  near  Thonip- 

>  Tho  writer  plices  the  Silver  Ttc  (  deposits  In  (Ills  clef,  U-»iC‘ 
realizes  (seo  p.  .VW)  that  tliuv  mey  havo  tool  a  ftiiferoot  nrl:  :‘t- 

•Gale,  DU  3.,  Carnot  1  to  and  »  aoclatwl  minerals  in  western  R**3 
County,  Colo-:  U.  S.  0.  il.  Survey  Bull.  310,  p.  202,  1WT. 

*  HHlohniucl,  W.  .- A  id  R.i’nfoiuo,  1'.  I..,  On  carcntUe  and 
vauadUiTcus  minerals  in  western  Colorado:  U.  6.  rlcoh  £ur.»>'  ri'l 
M2,  pp.  M— 15, 1005. 


son.  Likewise  the  deposits  along  tho  San 
Rnl.iel  Swell  are  apparently  associated  with  tin* 
sharp  monocline!  fold  along  the  eastern  side  of 
that  great  dome;  and  the  deposits  of  tho  Henrv 
Mountains  region  am  apparently  associated 
with  tho  domical  uplift  of  those  mountains. 
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1  others  were  to  be  expected  whom  the  same 
strata  were  present.  Tho  decrease  in  value  of 
the  ores  at  Silver  Hoof  with  increase  of  depth 
ou  the  dip  of  (lie  oro  strata  and  the  failure  to 
hud  other  commercial  deposits  at  the  same 
horizon,  have  apparently  lod  to  tho  pretty 
general  abandonment  of  Newberry's  explana¬ 
tion  for  tho  Silver  Reef  denosits 


CONFLICTING  THEORIES. 

Tho  genesis  of  the  deposits  in  sandstone  is  a 
subject  on  which  geologists  have  long  differed 
perhaps  because  tho  doposits  at  different  locali¬ 
ties  have  had  different  modes -of  origin— 
although  they  have  differed  quite  as  much 
regarding  tho  origin  of  individual  doposits  as 
regarding  that  of  tho  class  as  a  whole. 

The  first  deposit  of  commercial  importance 
developed  in  tho  sandstones  in  Utah  was  that  of 
Silvor  Reef  district,  and  very  soon  a  rather 
heated  discussion  arose  concerning  its  genesis. 
Two  fundamentally  different  ideas  were  ad¬ 
vanced  first,  that  tho  silver  and  accompany¬ 
ing  copper,  vanadium,  uranium,  and  selonium 
minerals  wore  contemporaneous  in  origin  with 
tho  sedimentary  rocks  in  which  they  are  now 
found,  having  boon  deposited  from  a  body  of 
mineral-bearing  waters,  in  which  the  sediment'; 
accumulated,  by  the  reducing  action  of  decay¬ 
ing  vegotation ;  second,  that  the  metallic  min¬ 
erals  were  later  than  the  sandstones  and  w«ro 
deposited  by  mineralizing  solutions  whose  cir¬ 
culation  was  connected  with  the  igneous  activ¬ 
ity  of  the  rogion.  The  fust  explanation  was 
advanced  by  Nowborry,  and  the  second  by 
Rolker,  Maynard,  Rothwell,  and  Cozin.  More 
recently  a  third  mode  of  origin  has  been  sug¬ 
gested  by  Liudgron,1  who  sought  to  explain 
similar  copper  deposits  by  tho  ‘'concentra¬ 
tion  of  minute  traces  of  copper  in  certain  strata 
or  in  fissures,  by  circulating  atmospheric 
waters  charged  with  chloride  and  sulphate.’-' 
hindgron  thought  that  tho  copper  had  been 
deposited  in  the  original  strata  from  the  erosion 
of  earlier  doposits  in  the  areas  from  wliieh  the 

sediments  were  derived. 

* 

deposition  contemporaneously  with  the  rock 

The  explanation  advanced  by  Newberry  was 
interpreted  by  tho  minors  to  indicate  that  the 
deposits  would  extend  to  great  depth  and  that 


|  If  the  relation  of  tho  deposits  to  tho  U’eds 
,  autu'!im’  (^p.  1541  was  a  factor  in  their  forma¬ 
tion  and  was  not  purely  accidental,  tho  theory 
of  deposition  of  tho  ores  contemporaneously 
with  tho  deposition  of  tho  sediments  is  elimi¬ 
nated.  for  the  anticline  was  not  formed  till  long 
after  tho  sediments.  Similar  relation  between 
several  of  the  larger  copper  doposits  imd  struc¬ 
tural  features  that  are  of  much  later  formation 
than  tile  inclosing  rocks  also  indicates  that  tho 
oreswemformed  later  than  the  sediments.  Cer¬ 
tain  copper  deposits  whose  structural  relations 
aro  not  readily  apparent  may  bo  explainable  by 
Newberry’s  hypothesis,  but  in  the  absence  of 
detailed  studios  to  dotermino  tho  loss  obvious 
structure  tho  writer  prefers  to  rofor  them  to  the 
some  cause  as  other  closely  similar  doposits. 

Hess  J  has  proposed  tho  following  oxplana 
tion  of  tho  origin  of  tho  carnotito  deposits  of 
Utah  and  Colorado: 

It  is  thought  possible  that  the  sandstone  deposits  havo 
been  deposited  in  a  very  shallow  inland  sea  with  many 
islands  and  spits  on  which  lodged  vegetable  debris  which 
hod  been  washed  from  surrounding  shores.  Also  that 
aulphidic  veins  carrying  uranium,  vanadium,  iron,  and 
chromium  minerals  were  inxled;  that  sulphuric  acid  set 
free  by  tho  oxidation  of  pyrite  formed  soluble  sulphates  of 
tho  other  metals;  that  thi-so  went  carried  into  tho  sen  and 
oncoming  into  eonlact  with  tho  vegetal  ion  were,  in  part  at 
least,  reduced  to  sulphide,  though  tho  uranium  was  pos¬ 
sibly  led  u  cud  to  an  oxide,  or  to  sol  wo  combination  with 
vanadium.  Upon  the  raising,  draining,  mol  oxidation  of 
(lie  rocks  the  minerals  now  found  wore  formed 

'Hus  is  essentially  the  explanation  offered  by 
Newberry  for  the  Silver  Roof  deposits  and  may 
be  subjected  to  the  satno  tests.  Tho  close 
association  of  those  doposits  with  tho  largoatruc- 
tural  features  of  the  Plateau  region  suggests  a 
genetic  relation  similar  to  that  of  the  silver  and 
cop|>er  doposits.  These  structures  are  much 
younger  than  flic  rocks,  and  if  the  association 
is  more  than  accidental  it  eliminates  the  pos¬ 
sibility  of  formation  of  the  ores  contempora¬ 
neously  with  the  inclosing  sediments.  Some 


1  Uniljrrrn,  WaMeraar,  GnUon,  I..  C.,  ruid  Gordon,  C.  ft-.,  Tho  on  1  H«»,  F.  1..,  A  hypotliwis  for  ilto  origin  ol  '.ho  mrnoUln  dopodl*  of 
dcjJOMU  ot  NVw  Mexico:  0.  S.  Gcol.  Survey  Prof.  PapxxtS,  p.  87,  1910.  V  tall  and  Colorado:  Washington  Acad.  Sel.Jour  .  vol.  I,  p. S9iS,  If))  I. 
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extensive  deposits  of  fossil  wood  at  essentially 
the  same  stratigraphic  horizon  as  the  mineral 
deposits  aro  barren,  especially  those  in  the 
sandstones  southwest  of  the  Henry  Mountains 
(probably  Salt  Wash  sandstone),  in  theTriussic 
in  the  western  part  of  Rabbit  V alloy,  at  Circle 
Cliffs,  and  at  Orange  Cliffs  (under  the  ledgo). 

The  probability',  indicated  by  the  size  of 
the  replaced  cells  (seo  p.  153),  that  sulphides 
replaced  the  vegetable  matter  before  it  was 
carbonized  may  be  interpreted  as  favoring 
tlio  view  that  the  ore  deposits  wore  formed 
before  the  wood  was  carbonized.  A  careful 
study  of  suitable  material  promises  important 
results  on  this  point.  Material  from  these 
sandstones  shows  that  the  cellular  structure 
may  he  preserved  during  carbonization  quite 
as  clearly  us  by  replacement  bysilica  or  sulphide, 
though  in  the  material  examined  thosizeof  the 
cells  indicate  a  shrinkage.  .The  problem,  how¬ 
ever,  is  more  complex  than  the  simple  determi¬ 
nation  of  the  time  of  original  replacement,  for 
it  has  beoushowu  that  the  original  sulphide  can 
bo  replaced  by  other  minorals  without  destroy'- 
iiig  the  cellular  structure.1  1 1  may  be  significant 
that  though  the  replacement  of  wood  in  the 
shale  beds  of  the  region  by  iron  sulphide  is 
common,  the  replacement  of  iron  sulphide  by 
copper  or  other  metals  is  not  known  in  shale, 
though  it  is  known  in  sandstone,  where  circu¬ 
lation  is  relatively  free.  This  suggests  that 
the  original  replacement  may  have  occurred 
relatively  early  in  the  decomposition  of  the 
vegetable  matter  and  that  the  replacement 
by  copper  mayr  have  occurred  much  later,  The 
early  replacement  by  iron  is  favored  by  the 
great  abundance  of  that  element  in  the  “red 
bods.” 

CONCENTRATION  BY  SOLUTIONS  DUX  TO  LOXEOUS 
ACTIVITY. 

Evidence  connecting  the  doposits  of  this  type 
with  igneous  activity  is  not  conclusive.  No  de¬ 
posit  in  Utah  has  bee.n  positively  shown  to  have 
close  genetic  association  with  igneous  rocks, 
and  several  deposits  are  so  remote  from  areas 
of  such  rocks  ns  almost  certainly  to  disprove 
any  connection.  Most  of  the  deposits,  how¬ 
ever,  are  rather  closely  associated  with  locco- 
lithic  mountains  or  other  domical  uplifts  that 
nre  believed  to  be  of  similar  origin;  and  the 
Silver  Reef  deposits  are  in  a  region  of  igneous 


activity,  ’lliis  association  naturally  suggests 
ft  genetic  relation  with  tho  intrusive  rocks. 
The  intrusive  bodies  themselves,  however,  so 
far  as  known,  contain  only  small  deposits  of 
copper  and  none  of  vanadium  or  uranium. 
The  existence  of  similar  deposits  in  areas 
where  igneous  rocks  have  pretty  cortainly 
not  been  factors  in  their  formation,  together 
with  the  lack  of  a  definite  connection  between 
the  luecolithic  bodies  and  the  deposits,  leads 
ono  seriously  to  doubt  the  existence  of  a  direct 
genetic  relation  involving  tho  derivation  of 
the  metallic  constituents  from  tho  igneous 
material. 

CONCENTRATION  BY  ATMOSPHERIO  WATERS. 

The  idea  of  concentration  from  material 
disseminated  in  tho  sediments  is  stated  by 
Lindgron  3  as  follows: 

la  considering  tho  chiai  as  a  whole  it  appears  the 
igneous  ngencies  hart  no  part  ir.  the  p-newn.  The  on* 
are  assuredly  epigenetic  and  their  universal  appearance 
in  land  or  shallow -water  beds  is  significant.  In  all  proba¬ 
bility  these  ores  have  been  concentrated  by  atmospheric 
waters  which  leached  the  small  quantities  cf  metals 
disseminated  in  the  strata.  The  sediments  were  rapidly 
accumulated  under  arid  conditions  from  adjacent  land 
arena  and  the  metals  were  probably  carried  dewn  as  fine 
detritus  and  in  solutions  from  older  ore  deposits  in  these 
continental  areas. 

The  waters  which  concentrated  the  ores  are  believed 
to  have  been  mainly  sodium  chloride  and  calciumsulphsle 
solutions  containing  sulphates  and  perhaps  chlorides  of 
copper  and  lead.  The  mineral  association  and  geological 
features  indicate  deposition  at  low  temperature,  probably 
well  below  100°  C.,  and  at  shallow  depths  but  fcelow  lie 
zone  of  direct  oxidatiou.  Very  likely  thc-ac  area  have 
been  forming  continuously  since  the  establishment  of 
active  water  circulation  in  the  beds;  in  favorable  plar« 
below  the  surface  concentration  may  now  bo  in  pragroo 

SOURCE  OP  VIIE  metals. 

The  manner  in  which  the  sediments  were 
deposited  is  of  importance  in  determining  the 
origin,  of  the  ore  bodies,  but  this,  like  tho  origin 
of  the  ores,  is  a  matter  concerning  which  there 
is  na  yet  no  general  agreement.  The  sedi¬ 
ments  have  been  variously  regarded  as  deposits 
formed  in  shallow  sens,  tvs  continental  deposits 
along  the  base  of  a  mountainous  region  simitar 
to  the  great  plains  cast  of  the  Rocky  Mountains, 
as  river  and  delta  deposits,  ns  wind-blown  de¬ 
posits,  aud  tvs  combinations  of  these.  There 
is  apparently  a  growing  tendency  to  regard  the 
sandstones,  in  largo  part  at  least,  as  of  land 


1  Fa*h,  A.  E.,  Econ.  Geolcgy,  vo).  10,  pp.  140-150,  iOto.  Alio,  Rcrcts, 
A.  F.,  Econ.  Geology,  \*of.  11,  pp.  ?, GO-380,  1016. 
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rather  than  of  murine  or  lacustrine  origin,  ami 
it  is  generally  believed  that  they  were  nmi- 
imilntcd  under  uriil  conditions. 

The.  derivation  of  the  metals  from  the  same 
areas  ms  the  sediments  seems  reasonable  for 
the  Utah  deposits.  IIoss1  has  shown  that 
uranium  minerals  are  present  in  deposits  of 
probable  pre-Cambrian  age  in  the  Uinta  Moun¬ 
tains,  and  copper  deposits  of  the  same  age 
are  present  in  the  same  region.  (See  p.  (i04.) 
The  Triassic  and  Jurassic  sediments  were  cer¬ 
tainly  not  derived  from  the  pre-Cambrian 
rocks  of  the  Uinta  region,  for  these  were  deeply 
buried  beneath  Paleozoic  strata  in  Triassic 
and  Jurassic  time,  but  they  may  have  come 
from  the  pre-Cambrian  of  areas  farther  to  the 
enst,  where  the  later  sedimentary  formations 
overlap  on  the  pre-Cambrinn  rocks.  The 
presence  of  gold  in  the  sediments  over  large 
areas  (see  p.  151)  to  an  amount  considerably 
in  excess  of  that  present  in  must  sedimentary 
rocks  further  indicates  derivation  from  a 
mineralized  area  and  makes  it  reasonable  to 
suppose  that  metals  other  than  gold  were 
present  t. 

MODE  or  CONCENTRATION. 

Concentration  of  small  amounts  of  metals 
disseminated  through  the  sediments  may  be 
ascribed  to  circulating  waters  which  collected 
the  disseminated  metals  and  redeposited  them 
under  favorable  conditions.  If  the  sediments 
were  truly  continental,  circulation  of  waters 
may  have  been  in  progress  when  they  were 
deposited  and  may  have  continued  till  they 
were  submerged.  Any  circulation  that  took 
place  after  the.  elevation,  folding,  and  faulting 
of  the  region  must  have  been  affected  by  the 
structural  features.  At  present,  nt  the  Blue 
Dike  prospect  in  White  Canyon,  waters  that 
are  seeping  out  of  certain  strata  carry  uranium, 
copper,  and  other  metals,  mainly  as  sulphates, 
indicating  the  readiness  with  which  the  metals 
are  taken  into  solution.  The  salts  are  de¬ 
posited  us  nn  efflorescence  on  the  rock  when 
the  waters  evaporate  oil  reaching  the  surface. 

Emmons 3  has  attributed  the  movement  of 
the  solutions  in  the  Cashiti  mine  to  an  artesian 
circulation  that  found  an  outlet  along  a  strong 
fissure  in  the  rocks.  The  importance  of  artesian 


circulation  in  the  formation  of  ore  deposits  has 
been  emphasized  by  Siebenthal,'1  who  has  also 
emphasized  the  importance  of  structural  rela¬ 
tions  that  are  apparent  only  on  careful  study. 
In  the  Silver  Reef  and  Salt  Wash  deposits,  for 
example,  artesian  conditions  may  have  existed 
after  the  uplift  and  folding  of  the  region.  It 
is  a  well-established  physiographic  principle, 
beautifully  illustrated  in  this  region,  that  in 
tho  erosion  of  anticlines  and  synclines  valleys 
develop  in  the  anticlines,  winch  become 
lines  of  surface  drainage.  It  follows  that  if 
artesian  conditions  prevailed  in  a  region  the 
strata  in  which  the  waters  wore  confined 
would  first  bo  tapped  bv  the  erosion  of  the 
anticlinal  valleys  at  or  near  the  crests  of  the 
anticlines.  This  would  lie  equally  true  if  they 
were  tapped  by  the  master  streams  (which  are 
not  controlled  by  the  structure),  for  t  hese  would 
naturally  cut  the  beds  in  the  anticlines  before 
they  cut  the  same  bods  in  thp  synelinos.  This 
might  start  nn  artesian  flow  along  tho  anticline 
toward  the  outlet  and  from  the  aynolines  toward 
the  anticlines,  and  might  concentrate  the  flow 
from  large  areas  along  rather  restricted  zones. 
If,  in  particular  areas  along  these  zones  of 
flowago,  conditions  were  especially  favorable  to 
tho  precipitation  of  metallic  constituents  (if, 
for  instance,  there  were  lenses  of  rock  rich  in 
plant  remains  or  in  sulphide),  metals  in  consid¬ 
erable  amount  might  well  be  deposited.  If 
fissures  were  present  along  the  anticlines,  as 
they  arc  most  likely  to  be,  they  would  furnish 
i  an  outlet  to  waters  rising  under  artesian 
pressure.  The  association  of  sumo  deposits 
with  fissures  is  evident,  as  in  the  Cashiti  mine 
in  Colorado  and  the  Big  Indian  mine  in  Utah; 
and  with  more  detailed  work  may  bo  found 
more  prevalent  than  is  at  present,  known. 

It  is  believed  that  some  such  movement  of 
the  ground  waters  has  concentrated  tho  more 
soluble  metallic  constituents  of  the  rocks,  and 
has  left  the  gold  and  other  relatively  insoluble 
constituents  rnlher  uniformly  distributed. 
Such  an  explanation  would  seem  to  account 
for  the.  association  of  the  deposits  with  the 
folds  and  fissures  of  the  region. 

No  satisfactory  explanation  of  the  predomi¬ 
nance  of  one  or  more  of  tho  metals  in  the.  indi¬ 
vidual  deposits  and  the  relative  paucity  of 
others  is  ns  yet  possible.  So  far  us  the  ura- 


'  Hub,  F.  I,.,  op.  clt.,  p.  2H. 

*  Enunoru,  W.  H.,  Tho  CVbLn  mine,  Vent  rose  County.  Colo.,  t » 
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•  BLobcnllnl.  C.  F...  Origin  of  tho  ilnr  and  load  do p. rot.  of  tho  Joplin 

(tlrtncl:  C.S.  Coot.  Surrojr  Dtdl.Mil,  lots. 


158 


or:  k  ok  posits  ok  utah. 


mum-vanadium  deposits  arc  concerned,  IIcss  ‘ 
has  suggested  that  the  original  area  of  ura¬ 
nium  and  vanadium  hearing  rooks  was  small 
and  that  sediments  from  it.  were  not  widely 
scattered.  A  similar  explanation  may  of  course 
apply  to  the  silver  deposits.  However,  as  the 
areas  from  which  the  sediments  were  derived 
and  the  character  of  their  mineralization 
uro  both  uncertain,  any  explanation  must  he 
tentative. 

Alteration  by  surface  solutions  has  been 
important.  It  is  discussed  on  page  207. 

The  commercial  deposits  of  manganese  are 
believed  by  Harder  and  Pardee  to  have  re¬ 
sulted  from  the  concentration  from  earlier  de¬ 
posits  during  the  erosion  of  the  region. 

AGE  OF  THE  DEPOSITS. 

The  ago  of  the  deposits  depends  upon  their 
modcof  origin.  If  they  were  deposited  with  the 
sediments  they  are  of  course  of  the  same  age 
as  the  inclosing  rocks.  If  they  are  duo  to  the 
igneous  activity  of  tho  region  they  are  doubtless 
of  Tertiary  ago.  If,  as  the  writer  believes  to 
be  true,  they  were  formed  after  the  uplifting, 
folding,  anti  faulting  of  the  region  their  forma¬ 
tion  began  in  Tertiary  time  and  in  places  may 
bo  still  in  progress. 

SUMMARY. 

All  the  deposits  in  the  sandstones  of  the 
Plateau  province,  whether  mined  for  silver, 
for  copper,  or  for  uranium  and  vanadium, 
are  believed  to  be  of  one  type.  Deposits  in 
which  certain  metals  or  groups  of  metals 
predominate  range  widely  both  geographi¬ 
cally  and  geologically.  Copper  has  the  widest 
distribution;  uranium  anti  vanadium  and 
silver  are  more  restricted  in  area  and  in  the 
ago  of  the  rocks  in  which  they  occur.  The 
genetic  relation  between  the  structural 
features  of  the  region  and  the  ore  deposits  is 
believed  to  bo  intimate.  The  deposits  ore 
regarded  as  having  been  formed  by  circulating 
waters  that  collected  the  metals  disseminated 
through  the  sedimentary  rocks  and  deposited 
them  on  contact  with  carbonaceous  matter, 
earlier  sulphides,  or  other  precipitating  agents. 
The  circulation  in  some  places  is  believed  to 
have  been  of  artesian  character  and  to  have 
been  controlled  to  a  large  extent,  by  structural 


features.  Most  of  the  minerals  at  prrse.it 
exposed  are  the  products  <>f  alteration  of  th 
original  minerals  by  surface  solutions.  The 
formation  of  tho  deposits  probably  began  in 
Tertiary  time,  and  in  places  is  possibly  still  in 
progress. 

DEPOSITS  DUE  TO  CONCENTRA  TION  EFFECTED  BY 

THE  INTRODUCTION  ( POSSIBLY  INDEPENDENTLY 

OF  IGNEOUS  ACTIVITY)  OF  SUBSTANCES  FOREIGN 

TO  THE  ROCK. 

Certain  replacement  deposits  (hat  have 
formed  along  fissures'  or  faults  in  sedimentary 
rocks,  mainly  limestones,  arc  not  closely  asso¬ 
ciated  with  igneous  rocks,  and  the  origin  of 
their  metallic  constituents  is  not  known.  They 
may  or  may  not  have  been  introduced  from 
ignoous  sources. 

In  this  class  are  the  hematite  deposits  of 
the  Uinta  Mountains,  tho  copper  deposits  of 
the  Dyer  mine  north  of  Vernal  in  the  same 
range,  and  tho  copper  and  loud  deposits  in  the 
Beaver  Dam  Mountains  in  the  southeastern  part 
of  the  State.  In  the  northern  and  southern 
parts  of  the  Wasatch  Range  and  in  the  North 
Tintie  district  are  lead-zinc  deposits  low  in 
silver  and  copper  that  arc  remote  from  impor¬ 
tant  igneous  intrusions  but  that  aro  similar  in 
general  character  to  deposits  whoso  derivation 
from  igneous  sources  can  be  directly  traced. 

Jn  the  Uinta  Range  there  arc  no  exposures 
of  igneous  rocks  that  arc  younger  than  the 
sediments  in  which  the  deposits  occur,  except 
in  the  pre-Cambrian  rocks,  though  (sec  p.  252) 
tho  structure  of  the  range  may  be  interpreted 
as  the  result  of  an  extensive  intrusion. 

Sources  of  the  metals  other  than  igneous  are 
easily  possible.  Iron  may  have  been  derived 
from  the  quartzite  and  shale,  in  which  it  is 
abundantly  present;  and  a  similar  origin  for 
tile  copper  and  for  tho  other  deposits  is 
entirely  possible.  At  least  some  of  these 
deposits  may  have  been  derived  from  material 
leached  from  underlying  strata,  and  deposited 
at  places  where  the  solutions  rose  along  fissures 
in  the  limestones,  hut  their  similarity  in  com¬ 
position  and  in  structural  relations  to  deposit* 
directly  associated  with  igneous  intrusions 
leaves  the  matter  hi  doubt.  The  geology  of 
this  type  of  deposit,  has  nowhere  in  tho  Suta 
been  studied  in  detail  and  for  the  present  its 
genesis  must  be  regurded  as  undetermined. 


*  U.  S.  G«ol.  Surrey  Bull.  MC..  p.  33 1317. 
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DEPOSITS  DtJE  TO  CONCENTRA  TtON  OF  SUBSTANCES  I 
INTRODUCED  BY  IGNEOUS  ACTIVITY. 

insTRIIU'TlOX. 

By  fur  the  greater  number  of  deposits  within 
the  State  nro  so  closely  associated  with  intru¬ 
sive  rocks  that  (hero  can  bo  no  reasonable 
doubt  (hat  their  formation  was  directly  duo  to 
igneous  activity.  Ore  deposits  are  most  nu¬ 
merous  and  most  extensive  in  the  zones  of 
greatest  igneous  activity  (see  p.  91)  and  are 
associated  with  igneous  rocks  in  other  locali¬ 
ties,  as  in  the  Raft  River  and  Pilot  ranges  and 
in  the  southeastern  part  of  the  State, 

classification-. 

Ore  deposits  associated  with  the  igneous 
rocks  may  be  conveniently  separated  into 
threo  groups — those  in  intrusive  rocks,  those 
in  extrusive  rocks,  and  those  in  sedimentary 
rocks.  A  few  individual  deposits  occur  pnrtlv 
in  one  type  of  rock  and  partly  in  nuother,  but 
most  deposits  occur  in  one  type  only.  Each 
group  may  be  further  subdivided  according  to 
raineralogic  associations,  geologic  relations,  or 
metal  content. 

nr, POSITS  IN  INTRUSIVE  ROOKS. 

The  deposits  in  the  intrusive  rocks  differ 
greatly  in  mineral  association  and  in  the 
metals  for  which  they  are  chiefly  valuable,  but 
for  the  most  part  they  agree  in  containing  min¬ 
erals  formed  only  at  relatively  high  tempera¬ 
ture  and  pressure.  Gradation  between  the-  dif¬ 
ferent  types  indicates  that  all  represent  stages 
in  a  singlo  process  rather  than  deposits  formed  ! 
during  separate  periods. 

VEINS  CLOSELY  ALLIED  TO  PEGMATITE. 

PEU.MAT1TIC  GOLD  QUARTZ  VEINS. 

Pegmatitic  gold  quartz  veins  are  present  in 
the  Park  Valley  district  of  the  Raft  River 
Range  and  in  the  Spring  Greek  district  of  the 
Deep  Creek  Range.  In  both  districts  tlio  veins 
extend  from  the  intrusivo  into  the  adjacent, 
sedimentary  rocks.  In  the  Queen  of  Sheba 
mine  in  the  Deep  Creek  Ruuge  most  of  tho  ore 
has  been  taken  from  the  portions  inclosed  in  the 
quartzite,  and  in  the  Park  Valley  district  prac¬ 
tically  all  of  it  has  been  taken  from  the  portions 
in  the  granite.  The  typical  gongue  miueral  of 
the  ore  shoots  is  a  rather  fine  grained  vuggy 
quartz  containing  sulphides  and  arsenides, 
commonly  in  small  amounts,  in  tho  primary  ore 


and  tin'  oxidation  products  of  these  in  the 
oxidized  portion  of  the,  veins.  This  liner  vuggy 
quartz  of  (he  oro  shoot  gives  place  along  the 
dip  or  st  rike  (as  in  tho  Queen  of  Sheba  vein)  or 
from  the  middle  toward  the  wall  (as  in  parts  of 
llio  Century  vein)  to  coarser  pegmatitic  quartz 
which  in  turn  grades  into  a  mixture  of  quartz 
and  feldspar.  With  the  increase  of  tho  coarse 
pegmatitic  quartz  or  tho  feldspar  the  metallic 
minerals  greatly  decrease,  and  the  vein  filling 
ceases  to  bo  ore. 

Tho  gradation  from  pegmatitic  material  to 
metal-bearing  vein  quartz  indicates  that  the 
ovo  shoots  have  resulted  from  u  differentiation 
of  the  magmatic  material  that  filled  tho  fis¬ 
sures.  Opportunity  for  a  study  of  this  type 
of  deposit  has  been  rather  slight,  but  the 
segregation  of  the  feldspnthie  constituents 
along  the  walls,  as  in  tho  Century  vein,  sug¬ 
gests  that  the  vein  was  first,  filled  with  siliceous 
magmatic  material  derived  from  tho  earlier 
crystallization  of  the  main  granitic  rock  and 
that  tho  earliest  minerals  to  crystal!  izo  were 
collected  along  the  walls,  and  that  tho  latest, 
including  the  quartz  and  sulphides,  wore 
segregated  toward  the  center.  In  the  Queen 
of  Sheba  vein  there  arc  sonic  indications  that 
the  l'eldspathic  material  decreased  and  the 
metallic  constituents  increased  with  increasing 
distance  from  the.  granitic  Took,  hut  develop¬ 
ments  within  the  granitic  rook  at  tho  time  of 
study  were  altogether  too  slight  to  permit  of  a 
definite  conclusion  on  this  point.  Both  the 
Century  nnd  Queen  of  Sheba  deposits  are 
associated  with  intrusive  bodies  in  Cambrian  or 
pre-Cambrian  rocks,  indicating  deep-seated  con¬ 
ditions,  with  high  tempernturo  and  pressure. 
No  similar  deposits  have  been  found  far  from 
the  intrusivo  rocks.  This  suggests  that  the 
contacts  of  these  deep-seated  intrusives  with 
the  sedimentary  rocks  were  favorable  to  the 
formation  of  this  type  of  deposit.  Tho  pro¬ 
duction  from  such  deposits  iu  Utah  lias  been 
relatively  small. 

Spun- 1  has  described  similar  but  more  pro¬ 
ductive  deposits  from  the  Silver  Peak  dis¬ 
trict,  Nev.,  where  more  extensive  develop¬ 
ments  u fiord  better  opportunity  for  study. 
Spurr  considers  that  the  Nevada  deposits  have 
[resulted  from  a  differentiation  of  alaskito 
|  (pegmatite),  which,  in  turn,  he  believes  was  a 
I  differentiation  product  of  a  granitic  magma. 

"  t  spurr,  J.  B.»  Orv  depo  it*  of  iht  fitlruT  Prafc  quadninjjJe,  Ncv.;  L\8. 
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Quartz-tourmaline-scheclite  veins  arc  know'll 
only  from  the  Clifton  district  near  tho  northern 
end  of  the  Deep  Creek  Range  aud  have  been 
but  slightly  developed  there.  The  deposits 
are  in  quartz  monzonite,  probably  a  part  of 
the  same  intrusion  as  the  larger  Ibapah  stock 
iu  the  southern  part  of  the  range,  with  which 
the  pegmatitic  gold  veins  of  the  Queen  of 
Sheba  mine  are  associated.  (Seo  p.  485.)  So 
far  ns  determined,  the  primary  minerals  are 
coarsely  crystalline  quartz,  orthoclnse,  amphi- 
bole,  tourmaline,  a  little  epidote  and  iron  bear¬ 
ing  carbonate,  a  little  apatite,  and  the  metallic 
minerals  magnetite,  molybdenite,  and  schcel- 
ite.  At  the  surface  tho  minerals  have  been 
partly  oxidized,  especially  tho  molybdenite, 
which  has  been  largely  altered  to  powcllite; 
and  a  little  copper  carbonate  is  present,  which 
has  doubtless  resulted  from  oxidation  of 
copper-bearing  sulphides.  Gold  is  also  said  to 
be  present  in  small  amount.  Tho  minerals, 
notably  the  scheelite,  appear  to  be  segregated 
ill  the  vein;  some  lenses  consist  largely  of 
scheelite,  but  in  much  of  the  vein  this  mineral 
is  in  small  amount  or  is  lacking. 

Alteration  of  the  quartz  monzonite  has  ex¬ 
tended  bub  a  short  distance  from  the  veins. 
The  resultant  rock  is  composed  essentially  of 
quartz,  muscovite  (sericite),  chlorite,  and  some 
iron  oxide.  The  chlorite  may  have  resulted 
from  tho  surface  alteration  of  an  earlier  mag¬ 
nesian  mineral,  though  uo  remnant  of  such 
was  detected. 

A  pegmatite  dike  associated  with  the  veins 
consists  of  coarsely  crystalline  pink  feldspar, 
quartz,  and  umphihole,  with  no  metallic  con¬ 
stituents.  The  feldspar  and  nmphibole  are 
similar  to  those  in  the  metal-bearing  veins,  and 
this,  together  with  the  close  association,  sug¬ 
gests  that  both  dike  and  veins  were  differentia¬ 
tion  products  of  tho  same  magmatic  material, 
which  itself  was  probably  a  differentiate  from 
the  magma  that  formed  the  main  mass  of  the 
quartz  monzonite. 

So  far  as  known,  the  only  output  from  this 
typo  of  deposit  has  been  a  few'  tons  of  scheehte 
ore. 

Scheeli to-bearing  pegmatites  arc  known  in 
Muinu  and  Idaho,  and  pegmatites  containing 
other  tungsten  minerals  arc  relatively  common. 
No  important  production  of  tungsten  from 
scbeelite-boaring  pegmatites  is  known. 


OUARTZ-TOUHSIALINE  COWER  VEINS. 

Quartz-tourmaline  copper  veins  are  present 
in  the  Clifton  district  (p.  517)  in  theDeepCredi 
Range  and  in  the  Son  Francisco  district  of  the 
San  Francisco  Range  (p.  517).  In  both  districts 
the  veins  are  in  quartz  monzonito  of  similar 
character.  The  differences  in  both  the  gaogue 
minerals  and  the  metallic  minerals  in  the  two 
districts  are  rather  marked,  but  the  similarities 
are  for  more  striking. 

In  the  Clifton  district  the  usual  gongue  min¬ 
erals  are  quartz,  tourmaline,  curbonatc  (prob¬ 
ably  iron-in agnesiuin-manganeso  carbonate), 
aniphibole,  diopside,  vesuvianite,  garnet,  and 
in  some  veins  epidote;  apatite  and  titonite 
occur  in  most  veins,  danburite  in  several,  and 
fluorite  and  orthoclnse  in  a  few.  The  metallic 
minerals  pyrite,  chalcopyrite,  magnetite,  and 
hematite  are  universally  present,  and  in  soma 
veins  the  iron  oxides  are  abundant.  Scheelite 
was  noted  in  several  veins  and  possibly  is  pres¬ 
ent  in  most  of  them  in  small  amount.  The 
veins  contain  some  gold  and  silver.  Galena  is 
present  in  some  veins  but  is  probably  abun¬ 
dant  in  none. 

The  Cactus  vein  in  the  San  Francisco  district 
is  composed  of  quartz,  tourmaline,  mngnesium- 
manga nose-iron  carbonate,  and  lesser  amounts 
of  anhydrite  and  barite  as  the  principal  gongue 
minerals,  and  of  pyrite,  chalcopyrite,  and  hem¬ 
atite  as  the  important  metallic  minerals.  The 
vein  contains  also  small  amounts  of  tetrahedrite 
and  galena. 

The  deposits  are  similar  in  containing  abun¬ 
dant  quartz,  tourmaline,  carbonate,  and  oxides 
of  iron.  Those  of  each  district  contain  several 
minerals  not  present  in  the  other,  but  the 
chemical  differences  are  not  so  marked,  for 
though  tho  Cactus  deposit  contains  no  mag¬ 
nesium  silicates  it  contains  notable  amounts  of 
mngnesium-bearing  carbonate,  and  though  the 
Clifton  deposits  are  not  known  to.  contain 
anhydrite  they  contain  calcium  in  tbe  form  of 
carbonate. 

The  quartz  monzonite  adjacent  to  the  vein? 
alters  characteristically  to  a  rock  composed 
essentially  of  quartz  and  mica,  muscovite 
(sericite)  being  associated  with  the  Cactus  vein 
and  biotite  as  well  us  muscovite  with  the  Clifton 
veins.  A  green  mica  and  chlorite  are  present 
among  the  alteration  products  in  the  Clifton 
district  but  have  probably  resulted  from  the 
alteration  of  the  biotite.  The  alteratiou  of  the 
wall  rock  of  these  veins  is  compared  with  that 
of  other  types  on  page  164. 
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ORIGIN  AND  OUTPUT  OX  THE  DEPOSITS. 

The  similarity  seen  in  the  Clifton  district  be¬ 
tween  the  quartz-tourmaline  copper  veins  and 
the  qunrtz-tourmaline-scheelite  deposits  leaves 
no  doubt  that  they  had  a  common  origin,  both 
being  probably  differentiates  from  igneous  ma¬ 
terial  which  in  part  crystallized  ns  barren 
pegmatite,  in  part  us  metalliferous  pegmatite, 
and  in  part  as  true  veins. 

The  output  from  this  type  of  deposit  has  not 
been  large  and  is  practically  ull  derived  from 
the  Cactus  mine,  though  there  has  been  con¬ 
siderable  development  on  veins  of  this  type  in 
the  Clifton  district. 

SIMILAR  OEPOSITS  IN  OTHER  RRniONt 

Quurtz-tourmuline  copper  deposits  occur 1 
in  many  localities  outside  of  Utah,  particularly 
at  Meadow  Lake,  Nevuda  County,  Cal., 5  where 
the  veins  are  in  granitic  and  dioritic  rocks,  and 
in  the  Bluo  Mountains,  Orcg.,3  whore  they  are 
in  diabase  and  diorite.  Tourmaline  veins  are 
numerous  in  the  Helena  region,  Mont.,4  where 
Knopf  has  distinguished  tourmaline  silver-lead, 
tourmaline  silver-copper,  and  tourmaline  gold 
veins. 

QUARTZ  COPPER  VEINS. 

Quartz  copper  veins  havo  been  developed 
on  a  commercial  scale  in  two  districts,  and 
closely  allied  deposits  are  present  in  other 
districts.  They  show  by  fur  their  greatest 
extent  and  importance  in  the  Bingham  district 
where  their  yield  of  copper  has  been  very 
large  for  several  years  und  probably  will 
continue  to  be  so  for  many  years  t-o  come, 
but  thoy  have  yielded  considerable  metal  in 
the  Beaver  Lake  district  and  are  possibly 
present  in  other  districts.  Closely  allied  gold- 
copper  deposits  have  been  developed  to  a  slight 
extent  in  the  La  Sal  and  Henry  mountains. 
The  quartz  copper  veins  are  characterized  by 
the  dominance  of  quartz  as  gaugue  (though 
a  little  orthocluso  is  sometimes  present)  and 
by  the  occurrence  of  the  metals  chiefly  in 
sulphides.  They  are  typically  replacement 
veins,  filling  fissures  and  replacing  the  adjacent 
rock,  which  is  quartz  mouzonito  or  quartz 
monzouite  porphyry.  The  deposits  wo  in 

1  Ucdjrcn,  Wsldomor,  Molasoimtio  pro---'<3  I»  'etas:  Am. 
Inst.  Min.  Eng.  Trans.,  voL  30,  pp.  SW-643,  IS01. 

1  Etndcron,  Wal ieinor,  Tho  ourl/cioas  v#ins  of  Xeadow  lAk*,Caul.. 
Aoi.  Jour.  8ci.,  3dser.,  vol.  40,  p.  201,  1S03. 

1  Lindjnn,  WaMoinar,  Thn  r,o Id  t«K  ol  lb*  Bln*  Moontmns  atOrry 
Rea:  U.  S.  tlool. Survey  Twenlj*-«*cacd  Ann.  RnpC,  pi.  A  P*AA>,  I  l. 

1  Knopf,  Adolph,  Oro  d.-po«it  of  l!)»  Holonn  mining  roRioc,  Monl.: 
0  S.  Gcot.  Survey  BulL  S27, 191.1 
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places  confined  to  a.  definite  vein,  or  to  a  few 
veins,  and  in  places  consist  of  a  stoekwork  of 
small  veins  permeating  a  largo  body  of 
minutely  fissured  rock.  The  former  type  occur 
in  the  Beaver  Lake  district,  and  t  he  stoekwork 
is  represented  by  tho  great  disseminated 
deposits  of  tho  Bingham  district.  In  both 
the  characteristic,  gaugue  is  quartz  and  the 
original  metallic  minerals  are  mainly  pyrite 
and  chalcopyrito  but  include  small  amounts 
of  molybdenite. 

The  alteration  of  the  quartz  monzonito  adja¬ 
cent  to  the  fissures  shows  considerable  varia¬ 
tion.  In  the  0.  K.  mine  in  tho  Beaver  Lake 
district,  what  appeal's  to  have  boon  tho  main 
mineralizing  channel,  is  a  roughly  cylindrical 
“pipe”  of  coarse  pcgmatitic  quartz,  from  which 
small  branching  veins  of  quartz  and  of  quartz 
ami  sulphide  extend  into  the  surrounding  rock. 
(Seo  (ig.  54.)  The  quartz  monzonito  adjacent 
to  tho  veins  has  boon  altered  to  a  rock  consist¬ 
ing  essentially  of  quartz  and  muscovite  (sori- 
cite),  accessory  miuerals,  and  sulphides  of  iron 
and  copper. 

In  tho  Bingham  district  the  earlier  stages  of 
alteration  resulted  in  the  transformation  of  the 
hornblende  and  augito  into  biotite,  in  the  par¬ 
tial  sericitization  of  tho  feldspars,  and  in  tho 
transformation  of  much  of  tho  groundmoss  of 
the  rock  into  a  fine-grained  nggreguto  of  quartz 
and  orthoclnso  known  as  “dark  porphyry." 
Pyrito  and  ehalcopyrite  are  scattered  through 
tho  rock.  "Where  the  alteration  has  beon  more 
intense  the  rock  has  been  largely  converted 
into  a  fine-grained  aggregate  of  quartz  and 
orthoclnso,  some  sericite,  nnd  smnll  dissemi¬ 
nated  grains  of  pyrito  nnd  chalcopyrito.  This 
is  known  ns  “  light  porphyry.”  The  chemical 
und  miaeralogic  chnngos  in  the  wall  rock  aro 
compared  with  those  of  other  localities  on 
pages  153-157. 

Tho  deposits  in  tho  La  Sal  and  Henry  moun¬ 
tains  oro,  in  general,  similar  in  character  to 
those  of  the  Beaver  Lake  district,  though  most 
of  the  veins  arc  small  and  the  action  of  tho 
mineralizing  solutions  on  the  rocks  adjacent  to 
the  fissures  has  been  feeble.  Tho  precious- 
metal  content  of  tho  veins  in  the  La  Sal  and 
Henry  Mountains  is  higher  than  in  the  othor 
districts. 

Much  of  tho  ore  of  these  deposits  has  resulted 
from  the  alteration  and  concentration  of 
original  metallic  minerals  by  surface,  solutions. 
(Seo  p.  208.)  The  general  similarity  of  these 
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deposits  to  iho  quartz-tourmalino  copper  veins 
loaves  no  doubt  of  their  closo  relation  and  indi¬ 
cates  that  both  vrero  deposited  from  solutions 
that  had  resulted  from  tho  dilfcren  tint  ion  of 
tho  quartz  monzouito  magma. 

Tho  main  production  from  deposits  of  tins 
type  has  boon  in  copper  from  the  Bingham 
districts.  In  recent  years  it  has  been  large  and 
will  continue  so  for  many  yearn  to  come. 

In  other  western  States  deposits  of  this  type 
are  numerous  and  many  of  them  aro  largo  and 
of  great  commercial  importance.  Thoso  at 
Ely,  Nev.,1  correspond  most  nearly  to  those 
at  Bingham.  Similar  deposits  occur  at  Santa 
Rita,  *  N.  Mox.,  at  Morenei,3  Globe,  1  Ray, r' 
Bisbre,5  and  in  the  Ajo  district,7  An/.,  and  in 
many  other  less  developed  districts.  Tho  de¬ 
posits  at  Butte,8  Mont.,  show  many  similarities 
to  this  type. 

QUARTZ  SILVER-LEAD.  VEEN'S. 

The  ganguo  of  the  quartz  silver-lead  veins, 
though  chiefly  quartz,  locally  contains  a  good 
deal  of  barite.  Pyrite  and  galena  are  the  most 
abundant  metallic  minerals,  though  sphal¬ 
erite  is  commonly  present,  and  copper  as 
chalcopyritc  or  ns  the  antimony  or  arsenic 
miuorals,  tetrnhedrite  or  enargite,  is  locally 
present  in  small  amounts.  Silver  in  some  com¬ 
bination  is  present  in  the  galena  and  probably 
in  the  other  metallic  minerals.  The  deposits 
commonly  occupy  a  rather  definite  fissure  or  a 
series  of  fissures  forming  a  lode. 

The  wall  rock  has  been  conspicuously  altered 
for  only  a  short  distance  from  tho  fissures.  In 
tho  Bingham  district,  in  the  Last  Chance  mine, 
it  hns  been  changed,  immediately'  adjacent  to 
the  fissures,  to  a  rock  composed  essentially  of 
quartz,  muscovite  (serieite),  and  secondary 
orthoclnse.  In  the  Tintic  district  s^ricitiza- 
liou  appears  to  have  been  the  common  alter¬ 
ation.  The  change  in  the  wall  roek  is  similar 
to  that  in  the  quartz  copper  veins  but  has 

1  Sjwdw,  A.C„"The  ivclogy  and  or* deposits  ot  Ely, Nov.:  U.  8,  Ceol. 
Survey  Prof.  Paper  90, 1917. 

1  Undpcn,  WaMomar,  Grjlou,  L.  C.,  and  Gordon,  C.  H.,  Tho  ere 
dopoaiU  of  New  Mexico:  U.  8.  Cool.  Survey  Prof.  FnjxTdK,  p.  305, 1910. 

*  Llwlgrva,  Waldtmar,  Ttecoppyrdcpodfs  of  eiillan-Morvnul  district 
Aril.:  V.  8.  Cool.  Survoy  Prof.  Paper  13,  1003. 

*  Ranr-omr,  I  L.,  Tbe  alobo  and  Miami  districts:  l\  s.  Gcol.  Survey 

null,  sta,  pp.  iKj-we,  u»u. 

»  Riuisom. ,  F.  J.,  Ray,  Arlr.:  C.  S.  Clcul.  Survey  Bull.  ISA),  p.  ISS,  1913, 

*  Jenncy,  J.  B.,  Bisbee  pcrphjiy  deposits:  Eng.  anil  Mlu.  Jour.,  vol. 
97,  p.  107,  1911. 

f  Jorolemon,  I.  11.,  The  Ajo  copper  minimi  district:  Am.  Iiu.1.  Min. 
Eng.  Bull.  02,  pp.  201  l-:.W,  191-1. 

*  'Vied,  W.  H.,  Geology  and  oro  deposits  of  Iho  B-.itto  district,  Mont., 
U.  S,  Gcol.  Survey  Prof.  Taper  74,  1912.  Sales,  R.  K.,  Am.  Tusu  Min. 
Eng,  Tr.lns.,  vol  10,  pp,  3-IPfl,  1914. 


apparently  been  less  extensive.  The  mineral- 
ogie.  changes  in  t  he  two  uro  compared  on  pages 
It  >3-1(57. 

Tbe  most  important  deposits  occur  in  tile 
Bingham  and  Tintic  districts.  Small  veins 
are  known  in  the  Sim  Francisco  and  other 
districts  but  so  far  have  not  been  commercially 
important. 

A  typo  of  deposit  differing  somewhat  from 
tho  quartz  silvor-lcud  veins  is  present  in  the 
Clifton  district.  Tho  veins  are  composed 
essentially  of  quartz  and  calcito  (probably 
containing  iron),  whose  relulive  amounts  differ 
in  different  veins  and  in  different  parts  of  a 
single  vein.  The  important  original  metallic 
mineral  is  “  argentiferous "  galena.  The  char¬ 
acteristic  alteration  of  the  wall  rock  is  pro¬ 
nounced  sericitization.  These  deposits  differ 
from  those  of  tho  Bingham  and  Tintic  districts, 
chiefly  by  containing  abundant  carbonates. 
The  quartz  silver-lead  veins  from  the  Bingham 
and  Tintic  districts  have  yielded  important 
amounts  of  metal,  though  much  less  than  other 
types  of  silver-lead  deposits. 

GOLD  QUARTZ  VEINS. 

Some  veins  in  the  Clifton  district  appear 
to  ho  cliiefly  valuable  for  their  gold.  The 
wull  rock  is  quartz  monzonite,  and  tbe  princi¬ 
pal  gangue  mineral  is  quartz  with  some  car¬ 
bonates.  In  many  places  specular  hematite 
is  abundantly  scattered  through  the  quartz  in 
fine  flakes,  giving  it  a  dark  appearance.  Pyrite 
and  chalcopyritc  are  commonly  present  in 
small  amount,  and  galena  and  sphalerite  have 
been  noted.  The  gold  is  said  to  occur  free. 
The  wall  rock  hns  undergone  sericitization  of 
the  feldspar  and  ehloritization  of  the  mag¬ 
nesian  minerals. 

The  output  from  this  type  of  vein  has  been 
small,  being  thus  fur  confined  to  the  yield  of  a 
few  rich  “pockets.'1 

MAGNETITE-HEMATITE  VEINS. 

In  the  Iron  .Springs  district  some  veins  in 
tho  intrusive  bodies  of  quartz  monzonite 
porphyry^  consist  essentially'  of  magnetite  and 
hematilo  with  a  little  quartz  gangue  and  oxi¬ 
dized  copper  andlead  minerals  in  small  amount 
The  most  notable  change  in  the  wall  rock  has 
apparently  been  tho  addition  of  soda,  probably 
in  the  form  of  albite. 

A  small  vein  very  similar  to  those  in  the  Bon 
Springs  district  is  inclosed  in  quartz  monzonite 
porphyry  in  the  Henry  Mountains  on  the  i 
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Cuprum  chum  Nic  principal  win  mineral  is  the  adjacent  volcanic  rocks  at  tho  Tin  tic  mine 
magnet  lie  with  a  little  quarts  ganguo  and  ha  vo  !»een  seri.it  izod  ami  pvritized.  They  for- 
commonly  some  copper  carbonates,  probably  merly  covered  the  present' surface  to  a  depth 
derived  lrom  the  oxidation  of  sulphides.  of  1 ,000  feet  or  more,  and  the  iron-ore  deposit 

Deposits  of  this  character  have  made  no  is  attributed  <p.415)todowu\vard  concentration 
product  ion,  tnoiig  i  those  of  the  Iron  Springs  of  the  iron  from  the  now  eroded  and  superficial 
district  contain  inipoitant  amounts  of  iron  ore.  portions  and  to  replacement  of  limestone  by  it 
In  the  Antelopo  Range,  northeast  of  Marys-  along  the  contact, 
vale,  Piute  County,  deposits  of  hydrous  oxides  The  Tintie  iron  deposits  have  yielded  a  con- 
of  iron  and  manganese  are.  associated  with  siderahlc  tonnage  of  ore,  which  has  boon  mainly 
rather  indistinct  fissures.  The  inclosing  rock  used  for  flux,  and  those  of  the  Antelope  Range 
is  quartz  monzonito  porphyry  which  has  been  have  furnished  some  shipments.  Both  depos- 
intcusely  altered,  essentially  to  cherty  quartz  its  uro  said  to  contain  small  amounts  of  pre- 
contaiuing  small  species  of  iron  oxide.  The  clous  metals. 

iron  mincinls  are  \  ellow  and  led  hydrous  oxides  relations  of  different  vein  types  in  the  ioneous 
in  vuggy  porous  masses,  many  of  which  show  rocks. 

beautiful  st alact it ie  structure.  Tlio  minerals,  Most  of  the  types  of  veins  in  igneous  rocks 
as  they  now  exist,  appear  to  have  resulted  sire  closely  related,  and  some  types  grade 
from  the  alteration  of  some  earlier  mineral  or  into  others.  Such  transitions  in  ono  district 
minerals  and  in  many  respects  resemble  the  give  good  ground  for  the  interpretation  of  de¬ 
gossan  resulting  from  the  oxidation  of  a  sul-  posits  in  districts  where  the  full  series  is  not 
pliide  body.  No  remnants  of  sulphide  were,  represented.  Broadly  speaking,  all  the  types 
however,  observed  in  tho  ore  at  the  shallow  seem  to  be  duo  to  deposition  by  rather  similar 
depth  to  which  developments  have  been  earned,  solutions,  and  their  differences  appear  to  he 
Iron  has  been  removed  from  a  large  body  of  the  largely  duo  to  the  physical  conditions  under 
adjacent  altered  quartz  monzonito,  and  may  which  tho  deposition  took  place, 
have  been  redeposited  hi  the  fissures,  but  no  minerauzino  solutions. 

very  definite  statement  ns  to  the  origin  of  t lie  Tho  character  of  the  mineralizing  solutions 

deposit  is  warranted.  may  be  deduced  from  tho  mineral  composition 

The  deposit  in  tho  Tintie.  or  Dragon  iron  of  the  veins  and  from  a  comparison  of  the  al- 
mine  in  the  Tintie  district  is  somewhat  similar  tered  with  tho  uuftltered  wall  rock, 
to  the  deposits  of  tho  Antelopo  Range,  though  Mineral  compositwn  of  the  reins.— The  fol- 
it  is  oil  the  contact  of  quartz  monzonito  and  lowing  table  shows  tho  important  mineral  con- 
limestone.  Both  the  quartz  monzonito  and  stituents  in  the  different  veins: 


1‘rinripal  vein  minerals  present  in  different  types  iff  deposits  in  intrusive  rod's. 


Minerals. 

Quart  t- 
tour¬ 
malin  e- 
srhceliio 
veiua. 

Quarlz- 

tnur- 

malino 

copper 

veins. 

Quartz 

copper 

veins. 

Quart/. 

silver- 

lead 

veins. 

Gold 

quartz 

veins. 

Iron 

veins. 

Pesma- 

litic 

gold 

quart* 

veins. 

Quartz . . 

X 

X 

X 

y 

y 

X 

x 

Orthociasc . 

X 

X 

2 

X 

. 

Amphtbulo . 

X 

. 

. 

. 

. 

X 

X 

Barite . . 

. 

Carbonate .  . 

X 

X 

X 

y 

Magnetite . 

X 

X 

X 

Hematite . 

X 

Seheelite . . 

y 

X 

X 

X 

Apatite . 

X 

. 

Danburite . 

y 

XX 

X 

X 

X 

Y 
/  V 

X 

/X 

Gold . . 

■ . 

X 

. 

. 

. 

X 

X 

X 

1 . 

1  x 

::::::::: 

X 

X 
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Alterations  in  the  ioall  roclc. — The  alteration  I 
of  the  wall  rock  adjacent  to  the  veins  is  an  im¬ 
portant  indication  of  the  nature  of  the  solutions 

Quarts  SericitOed 

irorucnite  quarti  nxnicnite 


Censity  tJi  E53 


Florae  25.  —Diagram  (flowing  sain  or  loss  In  grams  of  «iu  h  cnrutitucnl 
in  alteration  of  100  eubio  eendiuetcrt  of  ijunru  inonrouilo  w  ill  roclc 
of  tounoaliDOKjuiirts  c;ipp>T  v  ein  oi  Cnctiu  mfno,  Son  Francisco  dis¬ 
trict,  Beaver  County.  Scale,  1  inch  -  W  Brims, 

that  carried  constituents  of  the  ores  and  of  the 
condi  lions  under  which  the  ores  were  deposited. 

CuarVt  Sertoltijed  v 

momoulto  quvrtt  mceizonlte 


Density  l  «*  ttf 


Fiauajt  2*.— Diagram  showtnc<ain  or  lr*s  In  grams  of  ouch  constituent 
la  scrlci t; ’jtion  of  100  cubic  cunUmelen  of  qu.-.rli  ir.oniouito  uall  rock 
of  quar’i  c  j>i mf  veins  at  O.  if.  mine,  Buavcr  Lako  district,  Beaver 
Counly.  .Vole,  1  inch-30  grain*. 

Practically  everywhere  the  character  of  the 
alteration  depends  on  the  intensity  of  the  ac¬ 
tion.  'Hi as,  adjacent  to  a  strongly  mineralized 
fissure  the  rock  is  changed  to  an  aggregate  of 


quartz  and  mica  (sericite),  which  at  a  greater 
distance  grades  into  rock  composed  of  quartz, 
mica,  chlorite,  cpidote,  calcito,  and  the  like; 
and  tho  latter  group  of  minerals  characterize 
the  alteration  adjacent  to  a  feebly  mineralized 
fissure. 

Tho  veins  in  the  intrusive  rocks  of  the 
Tintic  district  are  lead-copper  veins  with 
quartz  and  barite  as  tho  principal  g&ngue 
minerals.  The  alteration  adjacent  to  the 
veins  lias  been  characteristically  to  a  quartz- 
scric.ite  rock  carrying  pyrite,  though  closo  to 
the  veins  it  may  be  composed  largely  of  quartz 

145  587  t>Zt 

Ou»rti  inorzcnit©  Biotitizcd  Orthocltsiied 

porphyry  porphyry  porphyry 


Density  1.76  L$3  2.43 


.  Alt  other 


Figure  27.— Diagram  showing  gaia  or  la^«  In  prams  of  each  caartUisai 
In  altcrelimi  of  100  cubic  orn  time  tors  of  quart*  inenrom  to  wall  rock 
quart*  copper  veins  of  Ub*,:lmoi  di-siriet  by  addition  of  biditdiod 
orthoclaso.  Scale,  I  inch— BO  gruins. 

and  barite  and  at.  a  distunco  may  carry  impor¬ 
tant  chlorite,  epidoto,  and  calcite. 

Plate  XV  illustrates  the  change  to  quartz- 
sericito  rock  adjacent  to  the  quartz-tourmaline 
copper  deposit  of  the  Cactus  mine;  and  Rote 
XVI  illustrates  the  change  of  quartz  monzonite 
porphyry  of  tho  Bingham  district  to  a  rock  com¬ 
posed  of  quartz,  biotite,  orthoclase,  and  sericite 
and  finally  to  a  rock  composed  largely  of  quartz 
mid  secondary  orthoclase,  with  some  biotite 
and  sericite. 

Figures  25-27  indicate  graphically  the  chem¬ 
ical  chunges  in  certain  of  these  types.  This 
form  of  diagram  has  been  employed  by  J.  B. 
Umple.by 1  in  showing  the  changes  in  rock 
composition  in  hydrothermal  alteration. 

'Thu  gnucJl*  of  tbo  Mnokay  copper  dopcxiU,  Idaho:  E«m  OtoheT, 
vol.  10,  pp.  307 -MS,  1H13 


V.  S.  GEO  LOO  10  At,  SURVEY- 


J’BOPESS.ON'AL  PATER  111  rLATE  xv 


B.  PHOTOMICROGRAPH  OK  ALTERED  QUARTS  M0N2ONITE,  CACTUS  AREA. 


Felled  area,  acricilo;  drar  areas,  quarts.  EtJar^i  d  3i) dianvlcn. 


A.  PHOTOMICROGRAPH  OF  QUARTZ  MONZONITB  u.  PHOTOMICROGRAPH  OF  QUARTZ  MONZONITE 

PORPHYRY,  BINGHAM  DISTRICT.  PORPHYRY,  RINGIIAM  DISTRICT. 

Ordinary  light.  Enlarged  30  diiuucUuv.  Crossed  nicols.  Enlarged  30  diameters. 


C.  PHOTOMICROGRAPH  OP  QUARTZ  MONZONITB 
PORPHYRY  ENRICHED  WITH  UIOTITE,  BING¬ 
HAM  DISTRICT. 

Sued!  dark  iirmw,  Kconlury  biolile;  light  nretu..  muotaviUj, 
quart*.  and  urilioclusu,  Enlarged  30  diameters. 


1).  PHOTOMICROGRAPH  OK  QUARTZ  MONZONITB 
PORPHYRY  ENRICHED  WITH  ORTIIOC1.ASE, 
BINGHAM  DISTRICT. 

Small,  Light  ureas,  orilnn.heio.  liulorgul  30  dimncbts. 
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The  following  tables  show  the  chemical  and  ]  Auction  of  wall  rotk  of  quartz  m,,per  rein*  ("imitation 

of  trail  to ft') 


"  ^HVIIUUU  II  I  ll.f 

miacrulogic  changes  that  have  taken  place  in 
the  alteration  of  the  wall  rocks  of  the  different 
types  of  reins: 

Alteration  of  wall  rock  of  lourmalitte-quarU  nan*. 

AniiljtMx, 


Analyse*.* 


SiO .  62. 10 

AljOj .  15.47 

Fc,03 .  2.61 

F«0 .  3.15 

MgO .  2.57 

CaO .  5.31 

N*jO . 1  3.56 

K.O .  3. 15 

11,0- . 14 

A0+ . I  .72 

TiOj .  .81 

CO., .  Truce. 

PA .  .27 

SO, . 

S..' . 

MuO .  . 

Cu .  . 


02. 56 
17.21 
2. 29 
3. 64 
1.13 
.29 
.07 
6.02 
.14 
2. 70 
.70 
1.93 
.21 
.02 
.13 
.45 
.09 


SiO,. 

AIA 

Pei?’ 

MgO., 

CaO.. 

Xa.,0. 

Kjb.. 

H„0- 

HjO-t- 

TiO... 

co,:. . 

P.Oj.. 
SO/., 
s  . 

MnO.. 

Cu.... 


Density. 


;  o 

2ft 

61.41 

66.87 

15.85 

IS.  14 

1.92 

1.36 

2. 52 

1.06 

i .  fit; 

.68 

3.71 

.11 

3. 60 

.01 

3.46 

4.12 

.12 

.87 

1.09 

4.05 

.  43 

.85 

.72 

None. 

.23 

.05 

'  N’oiie. 

.05 

None. 

.23 

.07 

None. 

.70 

119.  79 

99.75 

2. 64 

2.27 

>  R.  C .  Weil*,  analyst . 


99.89  99.61 

Density . . .  2.72  2.53 


Weight  of  (ho  principal  oddc*  (tframri  In  1  cubic  ccnllniolcr). 


1 

la 

Increase 
(  +  )or 
decrease 
(-)• 

SiO . 

in 

1.5S2 

-0.107 

ALA . 

.4:15 

+  .015 

Fe.,0. . 

BfTTI 

.057 

-  .014 

FcO . 

\  w!?l 

.092 

+  .007 

MgO . 

.628 

-  .041 

CaO . 

.144 

.007 

-  .137 

Xn-0 . 

.096 

r*l  «ET1 

-  .095 

k3o . 

.152 

+  .067 

H,0- . 

.003 

.003 

.000 

H,0+ . 

+  .019 

TiOj . 

.022 

.017 

-  .005 

CO, . 

.0-18 

4-  .  043 

Mineral  composition  calculated  from  chemical  oanlyncN. 


Quartz _ 

16. 20 

38. 16 

+21.96 

Orthocluso  molecule . . 

16.  68 

6. 12 

-10.56 

28. 82 

-28.  82 

Anorthite  molecule. . . 

15. 57 

-15.07 

13.  48 

-13.48 

Biot i to  .  . 

6. 24 

0.24 

Magnetite . 

2. 09 

3.25 

+  1.11 

Titanito . 

1.57 

.20 

— 

1.37 

Apatite . 

.67 

.34 

— 

.33 

Muscovite  (sen rite)  . . 

42.93 

+42.98 

P\Tite _ ' . . 

.12 

+12 

Rutile . 

.64 

+  64 

Iron  carbouat  e .  •. . 

3.951 

+3.95 

MngnPBiuin  carbonate. 

.34  4.93 

+  .34 

4.98 

Manganc-a  carbonate . 

.  69  J 

+  .69 

Serpentine . 

2.23 

2.23 

1.  Fresh  quartz  inonzonitc,  Copper  Gulch,  Bcavor 
County;  George  Steiger,  analyst. 

la.  Altered  quartz  wonzonitc,  Copper  Gulch,  Beaver 
County;  It.  C.  Wells,  analyst. 


Weight  of  (ho  principal  oxide  (grunts  In  t  cable  ecnflmotpr). 


2 

2a 

Increase 
(+)  or 
dt*rreUHO 

(-). 

SiO, . 

1 

1. 518 

4-0. 182 
-  .007 

AhO, . 

.418 

ll'l 

Fe,0, . 

.050 

—  .020 

FeO. . 

.066 

.024 

-  .0*12 

Met) . 

.043 

.015 

—  .028 

CoO . 

097 

.  002 

-  .096 

XbjO . 

.013 
.  093 

—  .082 

K,0 . 

.091 

+  .002 
+  .016 
+  .064 

H,0- . 

.003 

.1)19 

11,0+ . 

.028 

Ti'O, . 

.011 

.000 

-  .011 

CO, . 

.019 

.001 

-  .018 

Mineral  composition  calculated  from  cbcmlrol  analyse h. 


Quartz . 

23. 16 

42.  90 

+  19.  74 

Ort  hoc  lane  molecule _ 

10.12 

-16. 12 

Alhito  molecule . 

29. 87 

5. 24 

24. 63 

Anorthito  molecule. . . . 

10.56 

-10. 56 

4.70 

-  4.70 

7.76 

-  7.76 

2.S7 

-  2.87 

.59 

-  .59 

.34 

.34 

1.60 

-  1.60 

Muscovite  (aericile) . 

1.59 

35.02 

+33. 43 

.79 

+  .79 

. 

.85 

+  .86 

“3.  78 

+  3.78 

7.48 

+  7  18 

2.09 

+  2.99 

aCUnocblorc,  M|tO:FaO::l7:!  >. 


2.  Fresh  quartz  monzouite,  vertical  shaft,  0.  K.  mine. 
Beaver  County.  ,  _ 

2a.  Altered  quartz  inouzonite,  slope  sh  ift,  O.  K,  mine, 
Beaver  County. 
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Alteration  of  monzmiile  wall  roch  adjacent  to  fastin',  Bingham  district. 


A  n»ly  *•<•■**. 


’  1  2 

3 

1 

SiO,. . . 

33.64 

•33.00 

66.  27 

06.  73 

At  A . . 

15.  35 

16.  33 

15. 01 

16.  90 

FojO, . 

3.25  1 

1.37 

1.84 

6.87 

FeO . 

2.54 

3.29 

.39 

2,34 

MgO . 

3.  81 

3.53 

.71 

.03 

CaO . 

o.  37 

.70 

.  18 

1.  18 

N?,,0 . 

3.00 

2.70 

.72 

.37 

KjO . 

4. 23 

3.91 

9.62 

7.02 

n,o- . 

.S5 

.95 

.34 

1.32 

B.04. . 

1.50 

2.35 

1.  50 

2.23 

Ti<>3 . 

.83 

.43 

.17 

.SI 

CO, . 

None. 

None. 

None. 

.26 

P,(), . 

.02 

.12 

.10 

.0-1 

s:.! . 

.05 

.67 

1.68 

5.93 

0.0. 

Trace. 

MnO . 

Trace. 

None. 

None. 

Trace. 

BaO . 

.  18 

.09 

.17 

.  14 

ZrOa  . 

None. 

None. 

SO, 

|* 

None. 

None. 

None. 

None. 

y . 

1 

.08 

.15 

SrO . 

1 . 

Truce. 

Trace . 

GuO  . 

1 

.  55 

1.62 

100. 2ti 

100.55 

100.81 

102.  22 

0  equivalent  to  S - 

.02 

.37 

.90 

2.22 

100.24 

100.  18 

99.  91 

100.00 

Detutiiv . 

2.76 

2.58 

2.43 

Weight  (jprmrm  in  1  ruble  centimeter  of  roc*). 


1 

2 

3 

Increase  (+ )  or 
dccre:e»  (_— )U 

2 

3 

SiO, . 

,\  1,0, . 

1.618 
.121 
.090 
.070 
.  106 
.  118 
.099 
.117 
.024 
.041 
.023 

1 . 627 
.421 
.  035 
.  085 
.091 
.018 
.  072 
.  101 
.  024 
.061 
.011 

1 . 501 
.301 
.043 
.009 
.017 
004 
.017 
.225 
.1108 
.035 
.011 

+0.009  -0.067 

-  .003  -  .073 

F  eap.i . 

FeO . 

-  .055 
+  .015 

-  .015 

-  .130 

-  .027 

-  .010 
.000 

+  .020 
-  .012 

-  .047 

-  .061 

-  .089 

-  .144 

-  .06? 
+  -10S 

-  .014 

-  .004 

-  .012 

MgO . 

CaO . 

Na,0 . 

KaO . 

j  H,0— . 

b[*6+ . 

TiOr,  . 

!  ZrO.j 

!  CO, 

!  pa . 

1  so, 

.001 

.OIL 

.004 

+  .010 

+.003 

Cl 

F . 

.002 

.017 

.004 
.  039 

+  .002 
+  .016 

+.004 

+.035 

S .  . 

.001 

0,0 . 

MriO 

BaO . 

.005 

.002 

.004 

-.003 

-.001 

SrO 

1  CuO _ 

.011 

.038 

+.014 

+.03S 

I!  1 

Mineral  compoMlltnn  cnlrulalcd  from  chemical  anulyscrc. 


1 

2 

3 

4 

Increase  (-4-)  or  decrease  (— ). 

2 

3 

4 

Quartz . 

13.20 

30.  5-1 

25.  26 

26.  28 

+  17.3-1 

+12.  06 

+  13.06 

Ortluiclase  molecule . 

23.  35 

9.  45 

47.  82 

21.  13 

- 13.  90 

+24.  47 

-  2.22 

Albite  molecule . 

30.39 

8.96 

4.  19 

3.  14 

-20.  43 

-23.  20 

-27. 25 

Amirthito  molecule . 

8.  06 

2.  78 

.83 

3.  89 

-  6.  28 

-  7.  23 

-  4. 17 

Augite . 

12.  70 

-12.  70 

-12.  70 

-12.70 

Biotite . . 

5.  50 

29.  19 

5.  05 

+23.  09 

-  .45 

-  5.30 

Magnetite . 

4.  11 

2.  00 

—  4.41 

-  4.41 

-  2.41 

vSphene . 

.  78 

-  .  78 

-  .78 

-  .  7S 

Muscovite  molecule . 

6.  371-j,,  2,j 
6.  87 ; 

f  10. 35 

28.  65 

}  +13.  24 

|  -H0.  35 

+28.65 

Rutile . 

.  43 

.  47 

.81 

+  .43 

+  .47 

+  -*i 

Ann! it/*  . . . . .  . 

1.  01 

.  34' 

Calidte . . . . . 

.  GO 

+  .«0 

CuS . 

.  35 

.  45 

+  .35 

+  .46 

CiiFcR. _ _ _ _ i _ 

.  47 

2.  84 

+  -47 

+  2.84 

FeS, . 

.83 

.  95 

ii.  li 

+  .83 

+  .95 

+  11.11 

E,0 . 

1.  50 

2.  09 

1.  26 

+  .59 

—  .  24 

1.  British  tunnel,  Fast  Chance  mine,  Bingham  district;  fresh  rock. 

2.  Boston  Consolidated  mine.  Soli.  8.  No.  31,  crosscut  north  of  drift  No.  6;  altered  rock,  “dark  porphyry." 

3.  North  end  of  Pit-Utah  copper  mine;  altered  rock,  “  light  porphvry.” 

4.  British  tunnel.  Last  Chanro  mine,  Bingham  district;  wall  of  lode. 

Analysts:  1  and  2,  E.  T.  Allen  (U.  S.  Geot.  Survey  Prof.  Taper  38,  p.  378,  3903);  3  and  3,  George  Steiger. 
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It  is  readily  apparent  that  in  nil  types  of 
wall  rock,  regardless  of  the  minernlogic  changes 
that  resulted,  sodium,  calcium,  and  magne¬ 
sium  have  notably  decreased,  silica  and  alu- 
mina  have  remained  nearly  constant,  nnd 
ferrous  and  ferric  iron  have  remained  nearly 
constant  or  shown  relatively  slight  decreases. 
Potassium  in  every  instance  shows  a  notable 
increase.  The  total  decreases  in  every  com¬ 
parison  are  considerably  in  excess  of  tho  total 
increases,  showing  that  during  tlio  alteration 
there  has  been  a  notable  loss  of  mass. 

It  should  be  remembered  also  that  the 
extent  of  the  alteration  adjacent  to  the  different 
types  of  veins  varies  notably.  In  the  tour¬ 
maline  copper  veins  nnd  tho  quartz  copper 
veins  the  alteration  is  commouly  intense  for 
several  feet  from  tho  wall  of  tiro  fissuro  and  in 
many  places  is  pronounced  for  much  greater 
distances;  nnd  in  the  quartz  lead-silver  veins, 
especially  in  those  of  the  Bingham  district, 
tho  intensive  alteration  has  extended  only  to 
a  distance  usually  measured  in  inches  rather 
than  in  feet. 

Composition  of  the  solution. — Both  the  vein 
minerals  and  the  alteration  of  the  rock  adjacent 
to  the  .veins  give  an  idea  of  the  character  of 
the  mineralizing  solutions.  These  solutions, 
especially  those  forming  tourmaline-quartz 
veins  must  have  contained  iron  and  carbon 
dioxide,  abundant  silica  and  potassium,  and 
doubtless  abundant  alumina  (though  the  evi¬ 
dence  as  to  alumina  from  the  tourmaline- 
quartz  veins  alone  is  not  conclusive),  and 
abundant  boron,  as  well  as  sulphur  nnd  most  of 
the  common  metals.  That  is  to  say,  they  were 
probably  alkali-carbonate  solutions  containing 
silica ,  sulphur,  and  most  of  the  common  metals 
and  under  certain  conditions  abundant  boron 
and  other  constituents. 

PHYSICAL  CONDITION'S  OK  DEPOSITION. 

The  relation  of  the  types  is  shown  in  the 
different  districts.  In  the  Clifton  district 
there  can  bo  no  doubt  of  the  common  origin,  of 
the  quartz-orthoclase-tourmaline-scheelite  veins 
and  of  the  quartz-tourmaline  copper  veins,  and 
the  latter  give  place  to  those  in  which  there  is 
little  tourmaline  and  theso  in  turn  to  veins  in 
which  lead  is  abimdant. 

In  the  San  Francisco  region  the  close  general 
similarity  of  the  quartz-tourmaline  copper  and 
the  quartz  copper  Veins  gives  good  reason  for 


attributing  a  common  origin  to  them.  In  the 
Bingham  district  many  points  of  similarity  be¬ 
tween  the  quart  z  copper  veins  and  the  quartz 
lead  veins  indicate  a  common  origin.  The  mng- 
r.etite-hematito  veins  do  not  show'  so  close  a 
similarity  or  relation  to  the  ot  her  types,  though 
many  of  tho  copper  veins  in  the  Clifton  district 
contain  magnetite  and  speculnrite  in  abun¬ 
dance;  in  fact,  if  favorably  located  some  could 
probably  bo  mined  for  iron  flux.  Tho  iron-ore 
veins  may  be  regarded  as  an  extremo  type  in 
which,  iron  is  especially  abundant  and  copper 
especially  deficient. 

The  origin  of  all  these  veins  has  already  been 
indicated.  The  close  similarity  of  the  feld- 
spathic  tourrualino  deposits  to  truo  pegmatites 
seems  sufficient  evidence  for  regarding  them  as 
having  been  derived  from  the  differentiation  of 
the  same  igneous  material,  and  their  resem¬ 
blance  to  and  gradation  into  other  types  justi¬ 
fies  the  belief  that  all  nro  produced  by  tho  same 
process,  the  difference  in  types  being  duo  in 
part,  probably  in  large  part,  to  tho  physical 
conditions  under  which  they  wore  deposited. 
Thus  under  conditions  of  high  temperature  and 
pressure  tourmaline,  iron  oxides,  quartz,  and 
schcelite  were  deposited,  hut  most  of  iho  other 
metallic  constituents  remained  in  solution. 
With  decreasing  temperature  nnd  pressure  cop¬ 
per  and  finally  lead  and  zinc  were  successively 
deposited.  As  conditions  favoring  the  deposi¬ 
tion  of  a  certain  mineral  were  reached  the  solu¬ 
tions  would  eventually  become  deficient  in  tho 
constituents  of  that  mineral  and  subsequently 
would  deposit  i  t  in  decreasing  amoun  ts .  Thus  in 
tho  original  deposition  the  metals  were  roughly 
separated,  iron  oxides  apparently  being  depos¬ 
ited  under  conditions  of  high  temperature  and 
pressure,  copper  under  lower  conditions,  and 
lend  nnd  zinc  under  still  lower  conditions. 

If  this  explanation  of  the  change  in  types  is 
correct,  it  would  be  expected  that  a  spaco  rela¬ 
tion  would  exist  indicating  the  different  physi¬ 
cal  conditions,  nnd  this  appears  to  bo  the  case. 
In  the  Clifton  district  this  relation  has  been 
pointed  out.  (See  p.  482.)  In  the  Bingham 
district  tho  Bingham  Canyon  stock,  which  con¬ 
tains  the  copper  deposits,  seems  to  huve  been 
the  center  of  much  more  intense  hydrothermul 
action  than  the  Last  Chance  stock,  which  con¬ 
tains  lead  deposits.  In  the  Tintic  district  all 
tho  mineralization  seems  to  have  been  accom¬ 
plished  under  moderate  conditions.  The  dif- 
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fercnce  in  the  distances  from  the  fissures  to 
which  alteration  of  the  wall  rock  of  the  differ¬ 
ent  types  has  extended  also  points  to  conditions 
of  decreasing  temperature  and  pressure.  It 
would  also  be  expected  that  as  the  igneous 
activities  died  out  there  would  be  a  gradual 
overlapping  of  the  less  intense  on  the  more  in¬ 
tense  conditions.  What  appears  to  be  such 
overlap  is  seen  in  the  Bingham  district,  where 
small  lead-zinc  veins  occupy  fissures  in  copper 
deposits.  The  mincralizn'tion,  however,  seems 
to  have  been  hugely  accomplished  at  essen¬ 
tially  one  time,  the  deposits  formed  during  the 
dying  stages  being  small  and  of  relatively  slight 
importance.  For  further  discussion  of  change 
in  types  due  to  change  in  temperature  see  pngc 
184. 

DEPOSITS  IN*  SEDIMENTARY  ROCKS. 

Deposits  in  sedimentary  rocks  may  be  sepa¬ 
rated  into  contact  deposits  and  deposits  asso¬ 
ciated  with  fissures. 

CONTACT  DEPOSITS. 

GENERAL  FEATURES. 

Contact  deposits  lie  at  or  near  the  contact  of 
sedimentary  and  intrusive' rocks  and  are  char¬ 
acterized  by  the  presence  of  the  silicates  and 
other  minerals  commonly  known  as  “contact 
minerals,”  such  us  garnet,  diopside,  tremolite, 
and  wollastonite.  The  contact  deposits  of  com¬ 
mercial  importance  within  the  State  consist  of 
replacements  of  limestone  and  are  present  in 
practically  every  district  where  limestones  arc 
intruded  by  igneous  rock,  but  they  differ  greatly 
in  development  and  have  thus  far  proved  of 
economic  importance  in  but  few  districts. 

The  principal  metals  that  huve  been  pro¬ 
duced  from  contact  deposits  are  copper,  gold, 
and  silver.  There  are  important  contact  iron 
deposits  in  the  State,  but  these  as  yet  have  not 
been  worked  extensively  for  the  production  of 
iron,  though  the  iron  in  some  of  the  copper  ores 
has  been  utilized  ns  flux  and  has  thus  increased 
the  value  of  the  ore. 

TYPES  OF  CONTACT  DEPOSITS. 

Iron  deposits. — Largo  contact  iron  deposits 
occur  in  the  Iron  Springs  and  Bull  Valley  dis¬ 
tricts.  Deposits  containing  iraportan t  amounts 
of  iron,  usually  accompanied  by  some,  copper, 
exist  in  tlio  Rocky,  Clifton,  Little  Cottonwood, 
West  Tintic,  and  other  districts,  but  at  present 


they  do  not  promise  to  be  of  importance  for 
the  production  of  iron,  though  the  iron  content 
adds  to  tho  value  of  the  ores. 

Tho  Iron  Springs  contact  deposits  are  de¬ 
scribed  in  the  discussion  of  the  Iron  Springs 
district  (see  p.  568)  and  it  suffices  to  state 
here  that  they  occur  as  replacements  of  lime¬ 
stone  near  quartz  inonzonite  porphyry  intru¬ 
sions.  Tho  limestone  adjacent  to  the  intrusive 
has  been  replaced  by  albite,  kaolin,  octinolite, 
diopside,  quartz,  orthoclase,  serpentine,  phlo- 
gopite,  andradite,  iron  oxides,  andalusite,  wol- 
lastonite,  and  other  minerals  in  small  amounts. 
The  iron  oxides  have  for  the  most  part  been 
deposited  later  than  the  .contact  silicates. 
The  chemical  changes  are  compared  with  those 
of  similar  deposits  on  page  173.  - 

Copper  deposits.— Contact  copper  deposits 
are  present  in  many  districts,  of  which  the 
more  important  are  the  Rocky,  Beaver  Lake, 
San  Francisco,  Star,  Lincoln,  Little  Cotton¬ 
wood,  and  Clifton.  They  have  been  most 
extensively  mined  in  the  Rocky  and  San 
Francisco  districts.  Very  closely  allied  deposits 
associated  with  fissures  are  present  in  other 
districts  and  have  boen  much  more  important 
commercially. 

The  deposits  which  have  the  common  char¬ 
acteristic  of  being  replacements  of  limestone 
and  Containing  the  contact  minerals  garnet, 
diopside,  tremolite,  magnetite,  amd  hematite 
occur  irregularly  along  the  limestone  intrusive 
contacts.  Long  stretches  of  the  contact  show 
only  recrystallization  of  tho  limestone  with 
very  slight  replacement,  but  other  stretches 
show  almost  complete  replacement  by  silicates 
and  other  minerals. 

The  various  deposits  differ  greatly  in  their 
content  of  tho  replacing  minerals.  In  some 
the  siheates  constitute  a  large  percentage  of  the 
material  and  in  others  magnetite  or  hematite 
is  more  important.  Sulphides  are  present  in 
greater  or  less  amounts  and  are  apparently 
about  as  abundant  in  some  deposits  composed 
largely  of  silicates  as  in  those  in  which  iron 
oxides  predominate.  There  are  large  areas 
replaced  by  silicates,  however,  that  contain 
very  little  sulphide, 

Tho  different  minerals  wero  in  part  formed 
at  the  same  time,  though  both  sulphides  and 
iron  oxides  wore  also  depositod  after  the  main 
replacement  of  the  limestone  by  silicates,  ns  is 
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shown  by  small  veins  of  these  minerals  cutting 
the  contact  silicates.  Where  sulpirides  are ! 
most  abundant  they  were  apparently  de¬ 
posited  in  large  part  later  than  the  silicates. 
Tho  principal  original  sulphides  aro  pyrite. 
chelcopyrito,  and  bomite,  and  smaller  amounts 
of  sphalerite  and  galena. 

In  the  Clifton  and  Grouse  Creek  districts 
schcclite  occurs  in  contact  deposits. 

Most  of  thedeposits  outcrop  prominently,  and 
they havo been  prospected  in  many  placets.  The 
original  deposits  commonly  contain  only  rela¬ 
tively  small  amounts  of  copper,  and  few  of  I 
those  in  which  the  gangue  is  principally  silicates 
havo  proved  to  be  of  commercial  grade.  The 
heavy  gangue  minerals  have  prevented  success¬ 
ful  concentration  by  methods  dependent  on 
differences  in  specific  gravity.  The  deposits 
that  contain  large  proportions  of  the  iron  oxiriew 
have  boon  successfully  mined  where  transpor¬ 
tation  costs  wore  moderate,  tho  value  of  the 
iron  as  a  flux  adding  materially  to  the  value  of 
the  ore.  Such  ores  have  been  most  extensively 
mined  in  the  Rocky  district. 

The  alteration  of  the  ores  has  resulted  in  local 
enrichments  that  havo  produced  “pockets”  of 
relatively  high  grade  matorial.  Those  have 
been  successfully  mined  on  a  small  scale  but 
have  not  been  of  great  importance. 

Altogether,  the  developments  on  the  contact 
copper  deposits  havo  probably  been  the  most 
unsatisfactory  of  thoso  on  any  important  type 
of  deposit  in  tho  State.  A:eiy  closely  allied 
deposits  associated  with  fissures  have,  however, 
been  largo  producers  of  copper. 

Gold  deposits . — Gold  and  silver  are  present  in 
small  amount  in  all  of  the  contact  copper 
doposits  of  the  State,  but  only  in  the  Clifton 
district  in  the  north  end  of  the  Deep  Creek 
Range  have  contact  deposits  been  developed 
in  which  gold  is  tho  most  important  constituent. 

Tho  characteristic  occurrence  is  as  a  replace¬ 
ment  of  certain  beds  of  Carboniforous  limestono 
near  but  not  necessarily  at  the  contact  with 
intrusive  rock.  The  limestono  is  replaced  by 
silicates,  principally  wollastonite  with  small 
amounts  of  diopside,  vesuviunito,  and  gamot, 
and  by  sulphides,  including  chalcopyrite,  bom- 
ito,  and  molybdenite,  and  in  at  least  one  place 
some  arsenopyrite. 

The  sulphides  were  among  the  latest  minerals 
to  form,  being  in  part  at  least  later  than  the 


silicates.  The  gold  is  in  part  freo  and  probably 
in  part  nssocintod  with  tho  sulphides.  In  what 
appeum  to  ho  unaltered  matorial  it  occurs 
between  the  silicato  grains.  In  some  of  tho 
richest  ore  tho  action  of  oxidizing  solutions  is 
evident  and  the  gold  is  in  part  contained  in 
smull  fissures.  Most  of  tho  ore  troaled  con¬ 
tained  only  small  quantities  of  sulphides. 
Commonly  the  gold  is  not  uniformly  distributed 
through  the  replaced-  limestono  but  occurs  in 
irregular  shoots, 

Other  contact  deposits, — A  few  doposits  have 
been  prospected  or  mined  for  metals  other  than 
iron,  copper,  or  gold.  In  the  Lincoln  district  in 
tho  Mineral  Range  there  has  boon  a  small  pro¬ 
duction  of  lead  from  deposits  very  closely  allied 
to  the  contact  typo;  and  in  the  Clifton  and 
Groitso  Creek  districts  some  prospecting  has 
been  done  on  contact  deposits  containing 
scheolite,  from  which  some  tungsten  hits  been 
produced. 

CBF.MICAL  AND  Ml  NCR  AI.OOIU  rri  A  MOHR  one  TO  CO.S'TACT 
ALTKHATION . 

The  chemical  amt  minomlogic  changes  that 
hike  place  in  the  contact  alteration  of  the  lirae- 
stouo  differ  greatly  in  different  deposits,  though 
tho  more  important  ones  show  general  simi¬ 
larity.  Such  deposits  have  been  studied  in 
detail  in  but  relatively  few  districts  iu  the 
State.  Thero  is  no  sharp  distinction  botwoen 
tho  changes  in  typical  contact  alteration  and 
iu  replacements  associated  with  fissures,  though 
there  is  usually  u  mineralogic  difference  that 
indicates  different  physical  conditions  of  for¬ 
mation. 

By  far  tho  most  extensive  change  along  the 
contacts  is  a  rocrystullization  of  tho  limestone, 
usually  with  relatively  slight  additions  and  sub¬ 
tractions,  tho  former  probably  due  to  small 
amounts  of  material  given  off  directly  from  the 
contact.  Tho  more  intensive  changes  are  far 
more  localized  and  are  apparently  due  to  solu¬ 
tions  that  have  followed  the  intrusion  and  at 
least  partial  solidification  of  the  igneous  ma¬ 
terial.  Such  solutions  have  been  directed  and 
concentrated  along  lines  of  relatively  easy 
passago. 

Tho  following  table  shows  tho  changes  that 
took  place  in  the  marmarization  of  limestono 
in  the  Bingham  district:  1 

Houiwotl,  J.  M  ,  Economic  iceolocy  o(  the  nlnuham  mining  dMrtcl: 
U.  S.  Gcol.  Survey  Prof.  P»pvr  3-%  p.  W>,  1905. 
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A na  lyses  alien  ing  changes  in  metamor  phism  of  limestone. 


[Analyst,  W.  F.  HilloUrand,) 


1  1 

2  3 

SiO . 

27.  78 

27.76 

34.  36 

Mg(J . 

.  34 

6.08 

6. 09 

CaO . 

3‘J.  88  1 

38.01 

33. 09 

CO, . 

30.76 

24. 28 

25.  OJ 

1.  Blue  limestone  from  south  slopeuf  West  Mountain,  on 
road  to  Tooele. 

2.  Slightly  marraarized  limestone  from  same  locality. 

:H.  Marble  from  same  locality. 

The  changes  have  been  comparatively  slight, 
the  especially  notable  ones  being  a  slight  in¬ 
crease  in  silica  and  magnesium  and  a  decreaso 
in  calcium  and  carbon  dioxide. 

The  following  tables  show  tho  chemical  and 
mineralogic  changes  that  hayo  taken  place  in 
tho  contact  alteration  of  hrnestono  in  tho  San 
Francisco  district: 

Analyses  of  slightly  altered  and  highly  altered  limestone  from, 
the  Sail  Francisco  district,  Utah. 


(Oeorio  3  lel^O  analyst.) 


1 

2 

la 

2u 

SiO . 

. 

JeaO, . 

FeO . 

MgO . 

CaO . 

15.  44 

2.78 
.20 
1.00 
7.02 
36.  05 

}  .00 

.03 

1.  33 
.20 
35. 63 
.39 
.06 
.34 

o.  es 
.  18 
.  19 
.27 
21.  16 
30.  78 

.05 

1  .30 

None. 
46.  65 
Trace. 
None. 
.05 

37.  04 
4.  59 
21.09 
.41 
1.79 
33.20 

.  17 

J  .07 
\  .22 
.21 
.  17 
.06 
.08 
.44 

41.04 

13.  37 

6.  on 
1.01 

3. 32 
31.28 

J  .15 

\  .46 

.  13 
.69 
.48  | 
,  1.04  1 
.  12 
.  14 
1.07 

Na,0 . 

ks6 . 

H,0- . 

H,0+ . 

Tib., . 

CO, . 

P,0„ . 

so, . 

MuO . 

Density . 

100.  18 
2.72 

100.  31 
2.84 

100.44 

3.66 

1.  Handed  crystalline  limestone  from  near  Reciprocity 
mine  (specimen  123). 

2.  Gray  dolomitic  limestone  front  east,  of  Reciprocity 
mine  (specimen  121). 

la.  Banded  rock  representing  alteration  of  limestone 
from  near  Reciprocity  mine  (specimen  119). 

2a.  Massive  garnet  rock  from  northeast  of  Reciprocity 
mine  (specimen  124;. 

Mineral  com  position  of  .slightly  altered  and  highly  allrrtd 
limestone  from  the  Son  Francisco  district,  Utah. 


1 

0 

la  2a 

Oalcite  molecule . 

Magnesite  molecule . . 

62.  60 
15.51 
14.71 
3.74 

5-1.  90 
14.  97 

1.02 

2.40 

.86 

ChJorito . . 

2.28 

Andr.vlite  molecule  . 

67.  00 

15.24 

47.99 

21.40 

10.40 

Grossulnrito  mole¬ 
cule . 

Treinolite . 

7.07 
23.  49 

Vesuvianite . 

. 

Epidote . 

Not  calculated: 

A  1.0, . 

Na,0 . 

KjO . 

run . 

1.43 
|  .09 

,  SO 
.20 

| 

.05 

.  17 

.17 
.21 
.  17 
.08 
.08 

.61 

■  .6) 
.44 

Ti'O, . 

00.,: . 

p„6, 

so, . 

.39 

.06 

.12 

.14 

MuO . 

.05 

1 

. ! . 1 

99. 50  j 

103.3: 

The  following  table  shows  the  increase  and 
decreaso  of  the  principal  constituents  in  t 
given  volume  of  rock.  It  is  assumed  that  (.hew 
has  been  no  change  in  volume  during  the 
metamorphism. 

Weight  of  the  principal  otridcs  in  cubic,  centimeters  of  slightly 
altered  and  highly  altered  limestone  from  the  Son  FrarictJCt 
district,  Utah. 


[Grains  In  I  cubic  centimeter  of  ruck.] 


1 

2 

la 

2a 

Increase  (+), 
decrease  (  —  j. 

1,  la  2,2* 

SiO,.. . . 

0.  419 

0.019 

1.350 

1.354 

+0.  931 

+  1.335 

A  1,0,... 

.075 

.005 

.  163 

.  441 

4-  .OSS  1 

4-  .436 

Fe,0, . . 

.  005 

.005 

.751 

.  201 

4-  .746 

+  .196 

FeO.... 

.027 

.007 

■Witl 

.  033 

-  .013 

-  .026 

MgO  . . . 

.207 

.601 

Hell 

-  .143 

-  .492 

CaO .... 

.953 

.874 

1.  182 

1 . 032 

4-  .  229 

4  153 

CO,.... 

.969 

1.325 

.006 

.0:34 

-  .963 

-  1. 291 

Figuro  28  shows  diagrammatic  ally  the  change 
in  a  unit  volume  in  the  different  constituents 
on  the  assumption  that  there  has  been  no 
change  in  volume  during  metamorphism. 
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The  important  chemical  changes  aroovidcntly 
additions  of  silica,  alumina,  and  ferric  iron  and 
nearly  complete  elimination  of  carbon  dioxide. 
In  both  analyses  magnesia  shows  a  decrease 
and  calcium  an  increase.  Combined  calcium 
and  magnesium  show  a  slight,  increase  in  one 
analysis  and  a  decrease  in  the  other.  Tins  net 
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Ftaim>:  2<<  — DlagTura  showing  gain  or  loss  In  grains  ot  aaeh  consUlucnl 
In  thi>  mo  in  morphism  of  loC  c  ililo  conilmetrra  of  limestone*  In  the 
San  Front  soo  district.  Fcnlc,  1  Inch— SO  grams. 


result  of  the  additions  and  subtractions  shows  a 
notable  increase  in  the  mass. 

Tho  mineral  composition  of  the  metamor¬ 
phosed  limestone  is  plainly  in  part  dependent  on 
the  chemical  composition  of  tho  original  rock. 

In  the  Iron  Springs  district  the  alteration  of 
the  limestone  adjacent  to  quartz  monzonite 
stocks  has  been  studied  by  Leith  and  Harder. 
Tho  following  table  of  analyses 1 '  shows  the 
chemical  composition  of'  the  unaltered  and 
normal  types  of  metamorphosed  limestone: 

1  Tho  Iran  ores  of  tha  Iron  Springs  district:  U.  S.  G«ot.  Survey  Dui*. 
p.  28, 1X8. 


Analyses  of  unaltered  and  metamorphosed  Uomestale  lime¬ 
stone,  Iron  Springs  district. 
fArwIy-tM  by  R.  D.  rial),  University  nf  Wtscaiulo.) 


1 

— 

1 

1 

2 

3 

4  1 

5 

8ft, . 1 

8.08 

(!.  90  1 

62. 00 

57. 05 

30.  73 

■HA . 

1.  Do 

1.  03 

9.  32 

9. 86 

14.63 

Fe20~ . 

.87 

1.04 

6. 08 

3.10 

11.51 

FeO  . .  . 

.06 

.76 

2.41 

1.80 

1.13 

MgO . . 

2.S6 

4.62 

9.40 

S.  16 

6. 36 

CaO . 

46,  67 

47. 13  1 

14. 47 

8.G1 

1.24 

NiuO . 

.13 

.13  ! 

1.94 

4.30 

2.02 

K ,() . 

,77 

,93 

1.41 

1.56 

4.24 

H..O . 

1.01 

1  04 

3. 30 

3.  89 

7.03 

PA . I 

.  05 

.04  | 

.  12 

.  13 

.32 

CO,. . 

37.  <10 

36.42 

.63 

1.74 

.21 

Baf) . 

None. 

None. 

None. 

None. 

.01 

|  100.05 

99.93 

100. 08 

1U0.  20 

99.43 

Density.. . 

2.  705 

2.  7i)6 

2.  59 

2.57 

|  2.22 

1.  Specimen  No.  40319.  Unaltered  blue  limestone  from 
weal  ot  Three  Peaks. 

2.  Specimen  No.  46375.  Unaltered  blue  limestone  from 
Desort  Mound. 

3.  Specimen  No.  46349.  Altered  limestone  between  ore 
and  unaltered  blue  limeatono  at  Divert  Mound. 

■I.  Siwcionen  No.  46376.  Altered  limestone  between  ore 
and  andeaito  at  Desert  Mound, 

6.  Specimen  No.  46338.  Altered  limestone  between  oro 
and  andesite  on  Lindsay  Hill. 

The  following  table  shows  tho  weight  of  tho 
principal  oxides  in  a  given  volume  of  tho  un- 
ullered  and  metamorphosed  limestone;  and  on 
the  assumption  that  there  has  been  no  change 
in  volume  during  metamorphism  it  shows  the 
additions  and  subtractions  as  in  tho  table  for 
the  San  Francisco  district  (p.  170).  Leith  and 
Harder,  however,  do  not  consider  that  the  vol¬ 
ume  has  remained  constant.  (See,  p.  573.) 

Wright  of  the  principal  oridts  in  unaltered  and  rontact- 
vtctaniorphoscd  Lhmeslakc  limestone  from  Iron  Springs 
district. 

[Oium*  In  I  imWc  cvntlniotvr  of  lock  ] 
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.  2534 
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.0235 

.0281 

.  1315 

.07% 

.2555 

FeO . 

.0016 

.0203 

.0624 

.0462 

.0250 

McO . 

.0773 

.1223 

.  2434 

.2097 

.1412 

CaO . 

1.2624 

1.2758 

.  3747 

.2212 

.0275 

NajO . 

.  0035 

.0035 

.0502 

.  1105 

.0448 

K.,0 . 

.0208 

.0251 

.0365 

.0401 

.  0941 

h;o . 

.0273 

.0281 

.  0854 

.0999 

.  1500 

.0913 

.0010 

.0031 

.0033 

.0071 

cb; . 

1  0170 

.9865 

.0163 

.0447 

.0046 
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Figure  29  brings  out  the  change  in  the 
principal  constituents  based  on  the  assumption 
of  constant  volume.  The  most  important 
additions  are  of  silica,  alumina,  ferric  iron, 
magnesium,  and  sodium.  The  loss  of  calcium 
and  of  carbon  dioxide  has  been  large.  The 
total  subtractions  are  somewhat  greater  than 
tho  total  additions  resulting  in  a  slight  net 
decrease  in  tho  mass. 

The  following  table  shows  the  mineral  com¬ 
position  of  tho  unaltered  and  metamorphosed 
limestone: 


Mineral  com  position  of  fresh  and  altered  beds  of  rfemustabe 
liineslone,  calculated  from,  chemical  composition. 


Mineral. 

Fresh 

limestones 

Altered  limestones, 

I 

2 

3 

1 

3a 

78.30 

4.90 

2.64 

72. 40 
2.  38 

1.40 
11.  61 

1.  DO 
15.  55 
20.  52 

3.90 
3.09 
6.  30 

19. 00 
4.  32 

0.50 
24.77 
18.  78 

Chert . 

Aclinotite . 

Diopsirle . 

2.  16 
15.  57 
5.24 

Fhlogopitc . 

Serpentine . 

4.97 

11.20 

6.  76 
3. 14 

Andradile . 

Magnesite . 

6.96 

6.03 

8.65 

9.86 

Wollnetonite . 

Albite . . . 

4.  76 
10.  24 
8.  34 
1.31 

3. 1.3 
36.  15 
8.  89 

2.  62 

16.  77 

’3."  74 
3.  48 
5. 92 

OrtlioeliUH! . 

Lin  ionite . 

1. 12 

.56 

.09 

Magnetite . 

Hematite . 

Enatatite . 

1.00 

Apatite . 

.31 

.31 

.62 

Pyrite . 

.  12 
.16 

.84 

.59 

\Vater . 

.81 

2. 21 

1.54 

Siderite . 

Wit.herite . 

99.23 

97.  17 

98.  52 

09. 82 

99.09 

a  Contains  glass  which  hus  beeu  calculated  in  toritu  of  rainoruls. 


The  most  notable  difference  in  the  altera¬ 
tions  in  the  Iron  Springs  and  San  Francisco 
districts,  as  shown  by  the  analyses,  is  the 
large  decrease  in  calcium  and  the  increase  in 
sodium  in  the  Iron  Springs  district,  and  the 
relative  smallness  of  the  change  in  those  con¬ 
stituents  in  the  San  Francisco  district;  also,  the 
slight  decrease  in  the  density  of  tho  resultant 
rock  in  tho  Iron  Springs  district,  and  the  cor¬ 
responding  notable  increase  in  the  San  Fran¬ 
cisco  district. 

A  typo  of  contact  alteration  that  is  present 
in  some  districts  consists  of  the  addition  of 
abundant  silica  and  some  iron,  resulting  in 
masses  of  chorty  quartz,  some  of  which  contain 


enough  iron  to  give  them  a  jasperoidal  charac¬ 
ter.  Such  bodies  are  present  in  the  Clifton 
district  and  in  places  along  the  Tin  tic  contact 
zone.  ICnstatite  and  spinel  are  the  most  abun¬ 
dant  contact  minerals  in  the  Tintic  district 

In  other  districts  tho  contact  metamorphism 
has  added  elements  that  are  not  common  to  all 
tho  deposits.  Thus  boron  has  been  added  in 
forming  tourmaline  in  the  Clifton  district  and 
in  forming  ludwigite  in  the  Big  Cottonwood 
district. 

VOLUMETRIC  CHANGES  DUE  TO  CONTACT  M ETAM0RPHI8*. 

The  volume  relation  that  exists  between  nn 
unaltered  limestone  and  its  contact  metamor¬ 
phosed  equivalent,  especially  where  the  con¬ 
tact  facies  consists  largely  of  silicates,  is  a  sub¬ 
ject  over  which  there  has  been  much  discussion 
and  one  on  which  a  general  agreement  hes 
never  been  reached.  By  some  it  is  held  that 
during  the  metamorphism  there  has  been  no 
important  change  of  volume  in  the  rock  mass, 
and  that  the  differences  in  composition  have 
been  due  largely  to  the  addition  of  silica,  ferric 
iron,  and  alumina  and  tho  removal  of  carbon 
dioxide  and  to  lesser  changes  in  other  con¬ 
stituents.  By  others  it  is  held  that  there  has 
been  a  large  shrinkage  in  tho  volume  of  the 
original  body,  owing  to  the  removal  of  certain 
constituents,  mainly  carbon  dioxide  and  calcium, 
and  that  tho  change  in  composition  is  due  in 
large  part  to  a  concentration  of  certain  elements 
of  the  origimiJ  rock — a  concentration  that 
might  be  compared  in  result  to  the  relatively 
small  residuum  of  clay  derived  from  the  weath¬ 
ering  of  limestone.  By  this  process  the  change 
is  regarded  as  due  chiefly  to  removal  of  certaia 
constituent's,  although  it  is  recognized  that  ad¬ 
ditions  have  played  some  part  in  the  change — 
and  in  the  case  of  metallic  constituents  au 
important  part.  The  literature  on  the  subject 
has  been  reviewed  b y  Uglow 1  and  in  textbooks, 
notably  by  Lindgren.2 

Where  deposits  are  adjacent  to  largo  intru¬ 
sive  masses  it  is  usually  difficult  to  ascertain 
positively  whether  or  not  there  have  been  im¬ 
portant  changes  in  volume  during  metamor¬ 
phism,  though  Umpleby 3  has  secured  con¬ 
vincing  evidence  of  essential  constancy  of  vol- 

1  Uglow,  W.  L.,  A  review  ol  the  existing  hypotheses  on  tlie  origin  o! 
the  secondary  silictito  zone*  at  the  contact  ol  Intrusive*  with  llmonaaej 
Keen.  Geology,  vot.  8,  pp.  19-10,  213-231,  1013. 

>  Lindgren,  Waldcmar,  Vlitierr.l  deposits,  p.  000,  1013. 

*  Umpleby,  J.  3.,  The  genesis  ol  the  Alaekay  copper  deposits:  Emb- 
Gcalogy,  vol.  0,  pp.  307-3M,  1911. 


ume  in  the  Mackay  deposits  in  Idaho.  Whore 
replacement  has  occurred  at  some  distance 
from  intrusive  bodies,  especially  in  closely 
allied  deposits  associated  with  fissures,  oppor¬ 
tunities  for  determination  arc  far  mo/c  favor¬ 
able. 

Tn  t  he  contact  gold  deposits  of  the  Clifton  dis¬ 
trict  certain,  beds  of  limestone  for  considerable 
distances  along  the  strike  and  dip  have  been 
converted  largely  to  wollnstonito  without  any 
appreciable  chango  in  volume.  In  the  Mineral 
Range  at  the  “Bismuth  mine,”  soveral  hun¬ 
dred  feet  from  any  large  body  of  intrusive 
rock,  a  bed  of  limestone  for  a  considerable  dis¬ 
tance  along  the  strike  has  been  largely  con- 
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|  b\  too  writer  in  which  the  evidence  scorned 
conclusive  no  change  in  volume  was  apparent 
and  m  numerous  occurrences  in  wlvich  tho  evi- 

I  ,  C°uld  not  bo  reg»^ded  as  conclusive  tho 
relations  were  most  readily  explained  by  tho 
supposition  of  essential  constancy  in  volume. 

KKL.Vr'OX  O r  CONTACT  UEroaiTSTO  DEPOSITS  IN-  INTKVS1VE 
hocks. 

Tho  solutions  producing  the  deposits  in  tho 
intrusive  rocks  contained  abundant  silica  and 
iron  and  some  alumina,  as  well  as  sulphur  and 
most  of  the  common  metals;  and  the  solutions 
ejecting  tho  contact  metamorpliism  of  the 
hmestono  contained  essentially  these  same  ron- 
stitucnts.  The  similarity  in  these  solutions  is 


A  B  |  j 

Density  2.705  2  706  L59  1S7 


most  strikingly  shown  where  they 
contain  somo  unusuul  constituent. 
Hius  in  tho  Clifton  district  tho 
abundance  of  tourmaline  in  both 
types  of  deposits  indicates  that 
boron  was  an  important  constituent 
in  both  solutions,  and  tho  presence 
of  scheclito  in  small  amounts  in 
both  types  indicates  that  tungsten 
also  was  present  in  both.  Iu  tho 
bon  Springs  district  tho  deposition 
of  ulbite  in  both  types  is  a  notablo 
feature.  These  close  similarities  in 
tho  composition  of  tho  solutions 
naturally  lead  to  tho  belief  that 
t  he  two  had  a  common  origin  and 
that  tho  differences  in  tho  char¬ 
acter  of  the  deposits  are  duo 
largely  to  tho  differences  in  tho 
character  of  tho  rocks  on  which 


PiacRE  29.— Diagram  showing  gain  or  loss  la  grams  olearh  Important  constituent  In  the  they  acted. 
da^t.*l,CreUon  of  l"  limestone,  iron Spriup  foo  close  likenesses  can  not  bo 

expected  in  the  two  types,  but 

verted  to  garnot  and  other  silicates  without 
appreciable  change  in  volume.  In  the  Ophir 
Hill  raino  iu  Ophir  district  the  limestone  strata 
in  the  shale  adjacent  to  fissures  havo  been  in  j  correspond  to  iron  dojiosits  in  tho  contact 
places  (seoPl.  XXXVII,  A,  p.  37C)  largely  con- 1  zone,  and  in  tho  Clifton  district  tho  tour- 
verted  to  silicates  and  to  sulphides  without  de-  maline-quartz  copper  voins  with  abundant 
stroying  tho  details  of  the  bedded  structure  of  iron  oxides  find  their  counterpart  in  tourma- 
tho  limestone  and  without  showing  any  indica-  lino  iron-copper  contact  deposits.  Even  tho 
t ions  of  important  change  in  volume.  Tn  the  wollastonite  contact  gold  deposits  of  tho  Clifton 
Dccrtrail  mine  near  Marysvalo  a  stratum  of  district  find  their  counterpart  in  the  quartz 
limestone  over  a  considerable  area  has  been  gold  deposits  in  the  intrusive  rocks,  as  do  also 
largely  replaced  by  muscovite  (scricite)  without  the  contact  jasporoidal  masses  in  the  silicified 
apparent  change  of  volu  me ;  the  alteration  is  ad-  /.ones  in  the  intrusive  rocks.  Similar  relations 
jftccut  to  u  fissure  and  only  small  dikes  of  intru-  J  have  been  pointed  out  in  tho  San  Francisco 
sive  rock  later  than  the  alteration  of  the  lime-  1  and  adjacent  districts  and  less  uotuble  ones  in 
stone  are  present,  hi  every  occurrence  seen  i  other  districts. 


some  interesting  comparisons  ure  possible. 
Iu  the  Iron  Springs  district  the  magnetite- 
hematite  veins  within  the  intrusive  rocks 
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Ib  is  believed,  therefore,  that  the.  solutions 
producing  the  two  types  of  deposits  had  a 
common  origin. 

(i KN K.SI.S  OK  TJIK  CONTACT  DEPOSITS. 

If  the  solutions  forming  the.  contact  deposits 
and  the  deposits  in  the  intrusive  rocks  had  a 
common  origin,  they  resulted  from  differentia¬ 
tion  of  the  magmas  that  formed  the  main  in¬ 
trusive  bodies,  as  has  been  pointed  out  in  the 
discussion  of  deposits  in  intrusive  rocks.  The 
contacts  of  the  intruded  and  intrusive  rocks 
were  favorable  localities  for  the  passage  of  solu¬ 
tions,  and  where  conditions  favored  the  concen¬ 
tration  of  solutions  from  deep-seated  sources 
large  musses  of  limestone  were  metamorphosed. 
In  the  Little  Cottonwood  district  aplitic  and 
pcgmatitic  dikes  arc  very  abundant  in  the  in¬ 
trusive.  body  adjacent  to  large  areas  of  contact- 
altered  limestone,  strongly  suggesting  that  they 
now  fill  the  channels  through  wliich  tiro  meta¬ 
morphosing  solutions  passed  from  the  igneous 
body  into  Iho  adjacent  sedimentary  rocks. 

DEPOSITS  ASSOCIATED  WITH  FISSURES. 

SELECTIVE  DEPOSITION. 

Deposits  in  or  adjacent  to  fissures  in  sedi¬ 
mentary  rocks  havo  to  the  present  time  been 
the  most  productive  in  the  State.  Most  of  them 
occur  as  replacements  of  sedimentary  rocks, 
commonly  limestone,  adjacent  to  the  fissures, 
though  some  occur  in  breccia  zones  and  in 
fissures  in  siliceous  rocks.  Tho  most  notable 
of  tho  deposits  in  siliceous  rocks  is  that  in  the 
Ontario  fissure  in  the  Park  City  district. 

Influence  of  the  chemical  composition  of 
rocks. — Selective  replacement  of  especially  sol¬ 
uble  beds  has  been  observed  in  many  districts. 
In  the  Bingham  district,  where  the  great  ore 
bodies  in  the  sedimentary  rocks  occur  in  largo 
part  as  a  replacement  of  relatively  small  bodies 
of  limestone  interst ratified  with  the  great 
quartzite  series,  there  can  be  no  doubt  of 
this  selective  action.  In  the  Ophir  district, 
deposits  that  are  mainly  replacements  of  lime¬ 
stone  in  a  series  composed  predominantly  of 
shale  and  underlain  by  massive  quartzite  show 
a  similar  selective  action.  In  the  Stockton 
district  a  remarkable,  regularity  in  the  minerali¬ 
zation  where  certain  limestone  beds  are  inter- 
sccted  by  mineralizing  fissures  is  apparently  due 
to  the  composition  of  the  limestones.  The  fol¬ 
lowing  partial  analysis  shows  the  composition 


of  the  limestone  of  the  Honorino  mine,  locally 
called  “ Honorino  limestone,”  one  of  the  most 
important  ore-bearing  beds  of  the  district,  in 
comparison  with  that  of  the  overlying  “dolo¬ 
mite.”  The  highly  siliceous  beds  are  appar- 
|  eutly  much  less  susceptible  to  replacement 
than  the  rather  pure  limestone.  The  under¬ 
lying  bed  is  apparently  similar  in  composi¬ 
tion  to  the,  overlying. 

Partial  anatijsia  of  the  Him  stove  of  Ifnnorine  mine  and  of 
tin.  orrrhjinrj  “  doltnn itc.  ” 


lily  It.  C.  Wells.) 


1 

Honor- 

ino 

limestone. 

Wliito 

dolumi.;. 

SiOj . 

2.39 

42. 13 

Cat) . 

53.  85 

29. 20 

MgO . 

.53 

7.29 

Boulwell  has  shown  that  in  the  Park  City 
district  replacement  occurs  in  beds  composed 
essentially  of  calcium  and  magnesium  car¬ 
bonate  and  very  low  in  silica  and  does  not 
affect  highly  siliceous  overlying  and  underlying 
beds.  Similar  conditions  exist  in  the  Tin  tic 
district,  where  the  larger  ore  bodies  replaced 
limestones  or  dolomites  with  a  relatively  low 
silica  content,  whereas  adjacent  beds  higher  in 
silica  and  more  dense  in  texture  were  only 
slightly  replaced.  The  some  is  also  true  of 
certain  limestone  beds  in  the  Little  Cottonwood 
district,  notably  that  locally  known  es  the 
“Flagstaff  limestone,”  which  is  one  of  the 
main  ore-bearing  beds  of  the  district.  (See 
fig.  30.)  Conditions  in  many  other  localities 
indicate  that  rocks  composed  essentially  of 
carbonate  ore  especially  susceptible  to  re¬ 
placement  by  metal-bearing  solutions. 

In  some  places  minor  constituents  have  prob¬ 
ably  helped  to  precipitate  the  metals,  beds 
containing  them  having  beeu  more  favorable 
to  deposition  than  the  carbonate  beds.  Thus, 
the  gold  deposits  of  the  Mercur  district  occur 
mainly  in  slialy  beds,  although  they  are  over- 
luin  by  limestones  and  underlain  by  ether 
limestones  that  have  been  extensively  replaced 
by  silica.  Apparently  the  shales  were  es¬ 
pecially  favorable  for  the  precipitation  of  the 
gold. 

Influence  of  physical  conditions  of  rocks.— 
Physical  conditions  that  nro  especially  favor- 
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able  to  the  concentration  of  solutions  along 
certain  channels  arc  of  course  favorable  to 
the  deposition  of  ores. 

Breecintion  along  fissures  and  slight  move¬ 
ments  along  bedding  have  produced  condi¬ 
tions  favorable  to  mineralization.  (Sec  PI. 
XVII.)  Very  commonly  certain  beds  in  a 
series  brecciato  much  more  readily  than  the 
others,  and  where  a  fissure  cuts  such  a  series  of 
beds  a  strong  breccia  zone  follows  the  inter¬ 
section  of  the  fissure  and  the  easily  brecciafed 
bed.  This  forms  a  favorable  place  for  deposi¬ 
tion  of  ore.  Such  conditions  are  well  illus¬ 
trated  in  tho  Little  Cottonwood  district. 
Ovcrthrust  faulting  also  forms  breccia  zones 


Tho  distribution  of  developed  ore  bodies  in 
the  Park  City,  Bingham,  Tin  tic,  and  Ophir 
districts,  all  of  which  contain  large  quantities 
of  quartzite,  gives  no  support  to  the  idea  that 
ore  is  especially  likely  to  occur  at  the  contact 
of  quartzite  with  another  kind  of  sedimentary 
lock  if  tho  contact  is  the  result  of  normal 
sedimentation.  But  the  fact  that  normally 
superposed  formations  commonly  intergrade 
establishes  a  slight  presumption  that  tho  con¬ 
tact  of  two  sharply  contrasted  rocks,  like 
limestone  and  quartzite,  is  due  to  faulting. 
The  limestone  that  is  brecciatcd  aloug  such  a 
fault  is  likely  to  be  permeated  and  in  part 
replaced  by  any  mineralizing  solutions  that 
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Figcbk  30.— l>ir.«ram  illustrating  selective  replacement  of  certain  Ixrda  of  lltneslouo  adjacent  to  fissures. 


that,  favor  oro  deposition,  as  is  shown  by  several 
deposits  in  tho  Cottonwood  area. 

It  has  long  been  recognized  that  fissures 
passing  through  shales  become  “tight”  and 
relatively  impervious,  and  that  in  many  places 
solutions  rising  aloug  them  spread  out  beneath 
the  shales  and  deposit  their  metal  content. 
Localization  of  deposits  duo  to  this  cause  have 
been  noted  in  the  Star  district  and  elsewhere. 

Dikes  and  sills  of  igneous  rock  have  in  some 
places  apparently  exerted  a  similar  influence. 
Such  appears  to  have  been  the  case  in  tho  Fish 
Springs  district,  probably  in  the  Lion  Hill  sec¬ 
tion  of  the  Ophir  district,  and  possibly  to  some 
extent  in  the  Mercur  district. 

Many  prospectors  consider  the  contact  of 
quartzite  with  limestone  or  some  other  rock 
to  be  especially  favorable  to  ore  deposition, 
and  some  of  them  have  expended  much  effort 
,and  money  in  exploring  such  contacts,  but 
the  results  have  frequently  been  disappointing.  • 


I  may  find  access  to  it;  and  some  important 
I  ore  bodies,  such  as  those  along  tho  tlirust 
contacts  of  limestone  and  quartzite  in  the 
little  Cottonwood  district,  have  been  formed 
in  this  way.  Quartzite  contacts,  then,  should 
i  not  be  explored  on  tho  blind  assumption  that 
they  are  somehow  favorable;  but  they  may 
sometimes  repay  judicious  exploration  guided 
by  knowledge  of  the  physical  and  chemical 
factors  that  favor  the  deposition  of  ore. 

CLASSIFICATION'  BY  METALS. 

Deposits  in  the  sedimentary  rocks  associated 
with  fissures,  like  deposits  in  the  igneous  rocks, 
cun  be  grouped  according  to  the  meluls  for 
which  they  are  chiefly  valuable.  As  in  the 
igneous  rocks,  these  groups  usually  grade  into 
each  other,  so  that,  though  most  deposits  are 
valuable  for  one  metal  or  group  of  metals, 
others  are  intermediate  and  contain  important 
amounts  of  several. 
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Copper  deposits. — Copper  deposits  of  this 
type  have  been  most  extensively  developed  in 
the  Bingham  district,  though  they  are  present 
in  other  districts,  notably  in  the  Lucin  and 
less  notably  in  the  Star  district,  and  may  be 
considered  to  include  some  of  the  deposits  of 
the  Tintic  district,  which  commonly  have 
their  greatest  values  in  precious  metals  rather 
than  in  coppor. 

Most  of  the  deposits  have  formed  very  largely 
as  a  replacement  of  limestone,  though  a  few  of 
them  occupy  fissures.  An  exception  is  found 
in  the  mines  of  the  Ohio  Copper  Co.,  at  Bing¬ 
ham,  where  tho  ores  occur  along  fissures  in 
quartzite.  The  great  majority  of  the  deposits 
in  tho  sedimentary  rock,  however,  are  replace¬ 
ments  of  limestone,  ns,  for  instance,  in  the 
Higldand  Boy,  Commercial,  Boston  Consoli¬ 
dated,  and  Yampa,  and  in  certain  sections  of 
the  Old  Jordan  and  othor  miues  in  the  Bingham 
district. 

Tho  mineralogy  of  the  primary  ores  shows 
considerable  variation  in  different  districts  and 
oven  in  tho  same  district.  In  the  Bingham 
district  tho  prevailing  gungue  mineral,  aside 
from  unreplaced  country  rock,  is  quartz, 
though  garnet  and  other  “contact"  silicates 
are  commonly  present  in  small  amounts  and 
locally  are  so  abundant  that  the  deposits 
resemble  tine  contact  deposits.  Tho  prevailing 
primary  metallic  minerals  are  pyrite  and 
chalcopyrite,  though  locally  homatite  is  abun¬ 
dant,  as  in  parts  of  the  Highland  Boy  mine, 
and  other  sulphides  are  present  in  small 
amount.  Oxidation  processes  have  been  an 
important  factor  in  the  enrichment  of  the 
upper  parts  of  most  of  the  Bingham  deposits. 

The  copper  deposits  of  tho  Star  district, 
though  similar  in  character  to  those  of  the 
Bingham  district,  are  of  relatively  slight  im¬ 
portance.  Some  of  the  deposits  in  tho  Beaver 
County  region  resemble  and  grade  into  contact 
deposits. 

The  principal  deposits  of  tho  Lucin  district 
are  entirely  oxidized  so  far  as  developed,  and 
the  primary  mineralization  can  only  be  in¬ 
ferred.  The  abundance  of  limonite  suggests 
that  iron  sulphide  was  an  important  primary 
mineral,  and  it  is  probable  that  tho  copper  was 
mainly  present  as  chalcopyrite. 

The  deposits  of  the  Tintic  district.,  in  which 
copper  is  an  important  constituent,  differ 
somewhat  from  those  in  the  other  districts  in 
that  tho  precious  metals  are  more  important. 


and  the  primary  copper  mineral  is  enargita. 
Fine-grained  quartz  and  barite  are  the  com¬ 
mon  gangue  minerals,  but  garnet  and  allied 
deep-vein  silicates  are  absent. 

Lead-silver  deposits. — Lead-silver  deposits  in 
sedimentary  rocks  have  so  far  been  tho  most 
productive  type  in  tho  State.  They  furnished 
most  of  the  “bonanzas”  of  the  early  days  of 
mining,  and  they  have  yielded  steadily  and 
largely  ever  since.  They  are  altogether  lacking 
in  but  few  of  the  districts  in  the  Stato  where 
limestones  have  been  intruded  by  granitic 
stocks,  but  they  nro  most  important  in  the 
zone  extending  from  Park  City  to  the  Oquirrh 
Range  and  in  the  Tintic  Range.  Districts  in 
which  large  deposits  of  this  type  have  been 
developed  include  the  Park  City,  Little  Cotton¬ 
wood,  Big  Cottonwood,  American  Fork,  Bing¬ 
ham,  Stockton  (Rush  Valloy),  Ophir,  Tintic,  and 
Star  districts,  and  small  deposits  are  present 
in  many  other  districts. 

Tho  occurrence  of  tho  lead-silver  deposits  is 
in  general  similar  to  that  of  the  copper  deposits, 
into  which  they  grade.  Most  typically  they 
occur  as  replacements  in  limestones  adjacent 
to  fissures,  but  they  also  occupy  fissure  veins, 
notably  in  the  great  Ontario  lode  of  the  Park 
City  district.. 

The  prevailing  gangue  mineral  is  quartz  in 
all  deposits,  but  other  minerals  are  important 
in.  certain  districts,  ns  barite  in  the  Tintic  dis¬ 
trict,  muscovite  (sericite)  in  the  Park  City, 
Little  Cottonwood,  Bingham,  Marysville,  and 
other  districts,  and  orthoclase  in  some  of  the 
replacement  deposits  of  the  Ophir  district.  In 
tho  Star  district  and  in  the  Mineral  Range 
some  of  the  deposits  contain  rather  abundant 
garnet  and  diopside  and  show  transition  to 
the  contact  typo.  In  the  primary  ores  lead  is 
commonly  present  as  galena,  usually  argenti¬ 
ferous,  and  silver  is  present  to  some  extent  in 
other  sulphides.  Pyrite  is  rather  abundant, 
and  sphalerite  ranges  from  very  little  to  os 
much  or  more  than  galena.  Copper  is  com¬ 
monly  present  in  small  amounts — ns  tefcrahe- 
drite  in  tho  Park  City  and  Cottonwood  dis¬ 
tricts,  os  euorgite  in  tho  Tint.ic  district,  or 
as  chalcopyrite  hr  tho  Star,  Bingham,  and  other 
distr  icts.  Other  metallic  minerals  aro  present 
in  small  amount.  Tho  ores  usually  contain 
relat  ively  little  copper  or  gold,  but  in  the  aggre¬ 
gate  they  yield  a  considerable  quantity  of  both 
these  metals. 
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Most  of  the  deposits  are  extensively  oxidized, 
r.iul  in  several  districts  the.  development  of  the 
primary  ores  is  slight;  in  others,  however, 
notably  the  Park  City  and  Bingham  districts, 
the  production  from  these  ores  has  been  large. 

Zinc-silver-lead  deposits, — In  several  dis¬ 
tricts  t  he  original  deposits  contain,  in  addition 
to  lead  and  silver,  valuable  amounts  of  zinc 
in  the  form  of  sphalerite;  in  other  localities 
important  bodies  of  zinc  ore  have  been  segre¬ 
gated  during  the  process  of  oxidation.  (See 
p.  211.) 

Primary  ores  containing  commercial  amounts 
of  zinc  have  been  developed  in  the  Park  City 
and  Bingham  districts,  and  to  a  lesser  extent 
in  the  Opiiir,  Stockton,  and  Star  districts; 
and  oxidized  zinc  ores  have  been  mined 
in  the  Tintic,  North  Tintic,  Ophir,  and  Star 
districts.  The  occurrence  of  the  original 
ores  is  in  every  way  similar  to  that  of  the  lead- 
silver  ores,  and  there  is  every  gradation  from 
ores  containing  little  sphalerite  to  those  from 
which  zinc  is  commercially  recoverable. 

Silver  deposits. — In  some  deposits  the  silver 
content  is  so  large  that  the  ores  are  essentially 
silver  ores,  although  all  of  them  contain  some 
lead,  zinc,  and  copper  and  usually  a  little 
antimony  and  arsenic.  Important  deposits  of 
this  type  occur  in  the  Lion  Ildl  section  of  the 
Ophir  district  and  lesser  deposits  in  the  Marys¬ 
ville  region  in  the  Star,  Silver  Islet,  and  other 
districts.  Some  of  the  rich  silver  ores  from 
the  Ontario  mine  of  the  Park  City  district  may 
bo  assigned  to  this  typo.  The  general  occur¬ 
rence  and  character  of  these  deposits  differs  in 
no  wise  from  the  lead-silver  deposits  except  in 
the  relative  proportion  of  the  different  metals. 

Ool/.l  deposits — Although  gold  in  small 
amount  is  present  in  practically  all  of  the 
deposits  in  the  sedimentary  rocks  associated 
with  intrusive  rocks,  deposits  in  which  gold  is 
the  principal  valuable  constituent  are  rare. 
The  only  deposits  of  this  type  that  have  yielded 
alargo  amount  of  gold  are  those  of  tho  Mercur 
and  adjoining  Sunshine  and  West  Dip  districts. 
Deposits  in  which  gold  is  the  most  valuable 
constituent  are  present  in  the  Dcertra.il  mine 
in  the  Morysvale  district.  Some  gold  ores 
also  occur  in  the  Tintic  district,  whore  the  gold 
forms  microscopic  and  occasionally  mega¬ 
scopic  grains  in  chalcedonic  quartz. 

The  gold  deposits  in  t  he  Mercur  and  adjacent 
districts  have  been  described  (sec  p.  302), 
35-HG0— 19 - 


and  it  is  here  only  necessary  to  state  that  the 
ore  occurs  in  the  sediments  adjacent,  to  fissures. 
Both  limestone  and  shale  have  boon  converted 
to  ore,  though  t  he  shale  appeal's  to  huve  been 
more  favorable  than  the  limestone  to  tho 
deposition  of  the  gold. 

In  the  alteration  of  the  rocks,  and  especially 
of  the  limestone,  ndjaceut  to  gold  veins  there 
has  been  a  notable  addition  of  silica,  and 
the  abundance  of  potassium  in  some  of  the 
ores  suggests  that  it  also  has  been  added  in 
important  amounts.  Barium  has  been  added 
to  the  form  of  barite.  Tho  principal  metallic 
minerals  aro  pyrite,  realgar,  and  cinnabar  in 
small  though  locally  important  amounts.  In 
the  Deortrail  deposit  there  have  been  large 
additions  of  silica,  alumina,  and  potassium. 
Certain  strata  of  limestone  have  been  replaced 
over  considerable  areas  by  muscovite  and 
quartz.  Pyrite  and  galena  rich  in  silver  are 
also  present. 

Quicksilver  deposits. — Deposits  of  quick¬ 
silver  in  the  sedimentary  rocks  have  been 
developed  in  but  two  districts,  in  neither  of 
which  they  have  been  of  large  commercial 
importance. 

In  the  Mercur  district  a  small  amount  of 
cinnabar  occurs  in  the  gold  ores,  and  in  certain 
shoots  in  the  Sacramento  mine  it  was  suffi¬ 
ciently  abundant  to  permit,  its  commercial 
extraction.  The  general  occurrence  of  the  ore 
is  similar  to  that  of  the  other  ores. 

In.  tho  Marysville  district  a  small  body  of 
quicksilver  ore,  developed  in  the  Lucky  Boy 
mine  near  the  Deortrail  mine,  occurs  as  a 
replacement  of  limestone  adjacent  to  fissures. 
Tho  chief  gangue  mineral  aside  from  the  lime¬ 
stone  is  barite,  and  the  metallic  minerals  are 
ticmmuiite  and  onofrite.  Quicksilver  is  also 
said  to  be  present  in  small  amount  in  the 
Deortrail  mine. 

genesis  nr  the  deposits. 

The  mineralogic  similarity  of  deposits  in 
sedimentary  rocks  associated  with  fissures  to 
typical  contact  deposits  and  the  gradations  of 
the  one  into  the  other  are  especially  striking 
in  certain  deposits  in  the  San  Francisco  and 
Star  districts  aud  in  the  Mineral  Range  but  are 
present  in  the  Bingham,  Tintic,  Clifton,  Little 
Cottonwood,  and  other  districts.  Some  of  the 
mineralogic  gradations  between  typical  contact 
deposits  and  typical  hydrothermal  replace- 
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inent  deposits  are  so  complete  that  there  can  be  ] 
no  doubt  of  the  common  origin  ot  the  two 
types,  and  it  seems  reasonable  and  natural  to 
assign  a  similar  origin  to  others  where  the 
glaciation  is  less  complete  or  absent,  provided 
there  is  no  evidence  opposed  to  such  on 
explanation. 

The  general  composition  of  the  mineralizing 
solutions,  so  far  as  can  he  judged  from  the  min¬ 
erals  they  have  formed,  leads  to  the  same 
conclusion.  In  Lho  contact  alteration  of  the 
limestones  there  were  laigo  additions  of  silica, 
alumina,  und  iron,  in  addition  to  sulphur  and 
metallic  elements,  and  tho  sumo  elements  were 
added  to  the  deposits  associated  with  fissures. 

In  all  the  deposits  of  this  typo  silica  was 
added  in  largo  amount.  In  many  of  these 
deposits  a  considerable  quantity  of  alumina 
was  added  as  scricilc,  as  is  well  shown  in  the 
ores  of  tho  Deertrail  mine  and  in  those  of  the 
Park  City  and  Little  Cottonwood  and  to  a  less 
extent  in  those  of  other  districts.  Abundant 
alumina  must,  have  been  added  in  the  formation 
of  tho  Copper  Mountain  deposits  of  the  Lucin 
district  and  in  the  replacement  of  tho  limestone 
by  feldspar  and  epidote  in  some  of  tho  deposits 
of  the  Opliir  district.  That  potassium  was  a 
constituent  of  the  solution  producing  the  min¬ 
eralization  is  indicated  by  tho  presence  of 
sericito  in  most  deposits  and  of  feldspar  in 
some  deposits,  as  those  of  Ophir  Hill.  Li  all 
the  deposits  iron,  in  tho  form  of  sulpliido  and 
more  rarely  as  oxido,  is  abundant,  indicating 
that  tho  solutions  were  rich  in  iron  and  that 
other  metallic  constituents  were  present  in 
Various  amounts. 

It  is  evident,  therefore,  that  the  mineral  com¬ 
position,  the  character  of  solutions,  and  the 
geologic  relations  all  offer  the  strongest  evi¬ 
dence  that  the  contact  deposits  and  tho  replace¬ 
ment  deposits  in  the  scdimentsS  adjacent  to 
fissures  were  of  common  origiu. 

Differences  in  deposits  in  a  given  district  are 
believed  to  be  dne  in  largo  part  to  the  different 
physical  conditions  under  which  they  were 
formed.  Differences  in  deposits  in  moro  widely 
separated  areas  may  be  due  to  differences  in 
the  original  character  of  tho  solutions. 

It  is  evident  that  when  an  area  of  sedimen¬ 
tary  rocks  is  intruded  by  igDeous  material  there 
is  a  progressive  change  in  physical  conditions 
from  the  contact  outward,  and  it  is  to  be  ex¬ 
pected  that  these  differences  will  be  recorded  in 


the  changes  produced  in  tho  rocks.  These 
changes  aro  probably  duo  in  greater  part  to 
the  agency  of  solutions  that  aro  expelled  from 
the  mugina  in  tho  form  of  hot  gases  under  high 
pressure.  Tho  gaseous  solutions  thoroughly 
permeate  the  rocks  for  only  a  short  distance 
from  the  contact,  but  they  ponctrato  much 
farther  along  fissures  and  other  avenues  of  easy 
passage.  Wherever  they  penetrate  without 
losing  their  high  temperature  they  react  with 
the  constituents  of  tho  sedimentary  rocks  to 
form  characteristic  contact  minerals,  such  as 
garnet,  diopsidc,  tremolito,  tourmaline,  and 
other  silicates,  magnetite,  hematite,  copper,  aud 
iron  sulphides,  and  other  metallic  minerals  in 
lesser  amount.  Commonly,  copper  and  iron  are 
the  metals  most  abundantly  deposited. 

At  greater  and  greater  distances  from  the 
intrusive  mass  tho  temperaturo  and  pressure 
decrease  moro  and  more,  tho  solutions  condense 
to  tho  liquid  form,  and  tho  alteration  in  the 
adjacent  rocks  changes  accordingly.  Silici- 
fication  and  in  some  places  serieitizalion  takes 
place  instead  of  the  formation  of  “contact" 
silicates;  lead,  zinc,  silver,  arsenic,  and  anti* 
mony  minerals  are  more  abundantly  deposited, 
and  the  deposition  of  copper  material^  de¬ 
creases. 

In  tho  Tintic  district  Lindgrcn  1  finds  that 
the  limestone  hns  been  replaced  by  fine-grained 
quartz  that  he  regards  as  having  been  origi¬ 
nally  deposited  largely  as  gelatinous  silica 
Tho  veins  in  the  intrusive  rocks  also  indicate 
formation  at  moderate  to  rather  low  tempera¬ 
tures.  The  similarity  in  composition  of  the 
veins  in  the  monzonito  and  the  deposits  in  the 
sediments  and  the  actual  tracing  of  one  vein 
across  the  contact  point  to  a  common  origin  for 
tho  solutions.  Tho  deposits  also  show,  with 
distance  from  tho  intrusive  rocks,  a  progressive 
change,  from  thoso  containing  considerable  cop¬ 
per  and  gold  to  those  having  their  chief  value 
in  lead  and  silver.  At  still  greater  distances 
tho  quartz-barite  ganguc  gives  place  to  car¬ 
bonates  and  the  silver  content  of  primary  ore 
tends  to  decrease. 

It  is  apparent  that  us  a  solution  moves  out¬ 
ward,  depositing  some  of  its  constituents  and 
taking  up  others,  it  must  constantly  chango  in 
composition,  and  this,  as  well  as  the  changing 
physical  conditions,  must  influence  tho  charac- 


1  Lindgrcn,  Waldonmr,  Pnw  *•>  e*  of  mineralization  end  curicbineni  In 
tho  Tint lo  district:  Ecoii.  (.oology,  vol.  10,  pp.  ^2 10,  1015. 
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ter  of  the  deposits  at  different  distances.  It 
is  also  evident  that  as  a  region  gradually  loses 
its  heat  the  temperature  at  a  given  place  will 
decrease,  and  deposits  formed  at  lower  temper¬ 
ature  will  ho  superimposed  on  thoso  previously 
formed  at  higher  tempera t ure.  For  further  dis- 
eussion  see  page  1S1. 

IXOPOSITS  IX  EXTRUSIVE  ROCKS. 

DISTRIBUTION  AND  OHARACTEK. 

Deposits  in  extrusive  rocks  are  of  less  im¬ 
portance  in  Utah  than  in  the  neighborin'1. 
States  of  Nevada  and  Colorado  and  are  o=f 
much  less  importance  than  the  deposits  in  the 
intrusive  or  sedimentary  rocks  of  Utah  itself. 
They  occur  in  lavas  of  rhyolitic,  latitic,  or 
docitic  composition.  They  have  been  found 
much  more  frequently  in  rather  massive  Hows 
than  in  tuffaceoua  rocks,  a  fact  that  may  be 
due  to  the  more  ready  fracturing  of  the  flows. 
The  most  extensive  deposits  of  the  type  are  in 
the  southern  zone  of  mineralization,  notably  in 
the  San  Francisco,  Gold  Springs,  and  State 
Lino  districts,  and  in  the  districts  of  thoTusher 
Range.  Such  deposits  are  also  present  in  the 
Tin  tic  district  but  have  not  been  shown  to  be 
of  commercial  importnuco  there. 

Tho  deposits  commonly  have  their  greatest 
value  in  the  precious  metals,  though  they  have 
yielded  notable  amounts  of  lead,  copper,  and 
zinc.  Tho  base  metals  are  especially  abundant 
in  the  deposits  of  the  San  F runcisco  district  but 
are  important  in  some  of  the  deposits  of  the 
Tushar  Range  also. 

CLASSIFICATION  BY  METALS. 

On  the  basis  of  metal  content  deposits  in  ex¬ 
trusive  rocks  may  be  subdivided  into  silvcr- 
lcud -zinc-copper  deposits,  gold-silver  deposits, 
and  olunite  deposits,  though  some  of  them, 
notably  those  in  tho  Tushar  Range,  grade  from 
those  containing  the  base  metals  in  abundance 
to  those  in  which  the  precious  metals  are  tho 
more  valuable. 

SILVEH-LEAD-ZIXO-COPPEH  DEPOSITS. 

Deposits  in  which  lend,  zinc,  and  copper  are 
important  have  been  most  productive  in  the 
Sail  Francisco  district,  whore  tho  Horn  Silver 
mine  has  yielded  them  in  largo  quuntity, 
and  tho  Boaver  Carbonate  mine  has  yielded 
lead,  zinc,  and  copper.  Silver  is  a  very  im¬ 
portant  constituent  in  both  of  these  deposits 
but  gold  is  very  sparingly  present.  In  the 


I  Tushar  Range  numerous  mines  contain  lend, 
zinc,  and  copper,  though  none  has  produced 
them  in  important  amounts. 

The  ore  and  ganguo  minerals  and  altered 
wall  rock  adjacent  to  tho  veins  show  consider¬ 
able  differences  in  different  deposits.  In  the 
Horn  Silverdejiosit  the  principal  primnry  metal¬ 
lic  minerals  are  pyrite,  galena,  sphnlorito,  clinl- 
COpyrite,  and  possibly  other  copper  minerals, 
jamesonlto  or  some  closely  allied  antimony 
mineral,  and  some  undetermined  arsenic  min¬ 
eral.  The  ganguo  minerals  are  mainly  cherty 
quartz,  barite,  and  the  minerals  composing  tho 
altered  wall  rock.  In  the  Boavor  Carbonate 
mum  arsenic  and  antimony  minerals  und  barite 
have  not  boon  recognized  and  ealeite  is  a 
ganguo  mineral.  In  tho  Tushar  Range  tetrahe- 
drite  is  commonly  tho  principal  copper  mineral 
in  deposits  that,  contain  important  amounts  of 
the  base  metals.  Carbonate,  commonly  con¬ 
taining  iron  and  manganese,  is  abundant,  and 
barite  is  present  in  small  amount. 

In  tho  Horn  Silver  deposit  the  wall  rock  is 
intensely  silicificd.  In  tho  early  stages  of  t  he 
alteration  sericitization  is  the  characteristic 
change,  but  there  is  a  progressive  removal  of 
all  the  original  constituents  except  silica  and 
probably  iron  till  the  more  intensely  altered 
rock  consists  principally  of  cherty  quartz  con¬ 
taining  crystals  of  pyrite.  In  the  Beaver 
Carbonate  deposit  the  alteration  has  been  less 
intense,  sericite,  kaolin,  chlorite,  colcite,  and 
probably  some  sccondnryorthoela.se  having  been 
formed.  The  minondogic  changes  have  been 
more  extensive  than  the  chemical,  for  none  of 
tho  original  constituents,  except  possibly  so¬ 
dium,  has  been  notably  removed.  In  tho  Tu¬ 
shar  Range  tho  characteristic  alterations  are 
sericitization  and  silicificatiou. 

Important  deposits  of  base  metals  are  not 
abundant  in  tho  Tertiary  lavas.1  Thoso  of  the 
Sail  Juan  region,  Colo.,  are  tho  most  important 
in  the  United  States  and  exhibit  many  similari¬ 
ties  to  the  deposits  in  Utah. 

GOLD-SILVER  DEPOSITS. 

Deposits  in  which  gold  and  silver  oro  the 
chief  valuable  metals  have  been  most  exten¬ 
sively  developed  in  the  Tushar  Rnngo  and 
|  along  the  Utah-Nevnda  line,  the  State  line, 

I  Gold  Springs,  and  Fay  districts. 

i  Lindcirn,  WsMcmnr,  Minrra!  dcpwln,  p. ««,  1913. 
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Typically  the  deposits  aro  fissure  fillings, 
inuuy  of  which  have  a  distinct  cnistified 
structure.  Some  show  a  well-defined  wall  and 
some  havo  the  vein  matter  “  frozen  to  the 
wall.  In  neither  does  the  wall  rock  adjacent 
to  the  veins  contain  more  than  small  amounts 
of  the  precious  metuls  nnd  rarely,  if  over,  is 
it  of  commercial  value. 

Some  veins,  as  those  in  the  districts  on 
the  lltnh-Nevada  line,  uro  very  persistent 
along  the  strike,  outcrops  having  been  traced 
with  considerable  certainty  for  2  or  3  miles. 
Other  veins,  as  some  of  those  in  the  Tushar 
Range,  arc  very  short.  In  vertical  extent  also 
they  appear  to  show  a  similar  variation.  Some 
veins  that  have  been  explored  to  a  depth  of 
several  hundred  feet  show  no  notable  change 
in  width,  but  others  change  in  less  than  100 
feet  below  the  outcrop  into  small  stringers 
in  n  zone  of  altered  rock.  Within  the  State 
few  developments  on  this  typo  of  deposit  have 
been  carried  below  400  or  300  feet,  so  that 
geneval  statements  concerning  their  behavior 
in  depth  are  not  warranted. 

The  vein  fillings  of  the  different  deposits 
resemble  each  other  and  also  those  of  corre¬ 
sponding  deposits  in  adjacent  States.  Typi¬ 
cally  they  consist  of  fine-grained  quartz,  cal- 
cito,  and  orthoolase  (adularia),  with  some 
bnrito,  lluorite,  and  other  minerals.  In  differ¬ 
ent  veins  or  in  different  parts  of  the  snme  vein 
any  ono  of  these  minerals  may  predominate. 

Tho  earliest  miucrnls  to  form  were  carbon¬ 
ates,  and  in  some  veins  of  tho  Tushar  Range 
barite.  The  carbonates  vary  in  composition 
from  those  tlmt  are  essentially  calcite  to  those 
containing  abundant  iron  and  manganese, 
these  metals  being  especially  notable  in  veins 
near  Modena,  at  tho  Escalante  mine,  and  at 
the  Dalton  vein  in  the  Tuslmr  Range.  The 
carbonate  has  in  many  places  been  partly  or 
wholly  replaced  by  quartz  or  by  quartz  and 
adularia.  (See  PL  XVIII.)  Tho  forms  and 
structures  of  the  earlier  minerals  were  pre¬ 
served  in  many  places  as  pseudomorphs,  giving 
the  ore  a  peculiar  and  characteristic  lamellar 
or  hackly  structure. 

1  he  minerals  present  in  these  replacements 
differ  markedly.  Much  of  tho  carbonate  has 
been  so  completely  replaced  that  its  earlier 
presence  can  only  be  recognized  by  the  forms 
preserved.  Quartz  is  everywhere  abundant 
where  tho  curbonuto  is  replaced;  adularia  is 


in  places  absent  and  in  places  as  abundant  as 
the  quartz.  The  quurtz  is  fine  grained  and 
much  of  it  is  chalccdonic.  Tho  feldspar  is  pre¬ 
dominantly  potassie  but  in  places  contains  con¬ 
siderable  soda,  as  in  tho  Jennio  vein  in  t  he  Gold 
Spriugs  district,  where  it  contains  about  20  per 
cent  of  tho  nlbite  molecule.  Fluorite  has  been 
noted  from  numerous  localities  but  is  important 
in  few  of  them. 

In  metallic  constituents  tho  veins  range 
from  those  in  which  tho  base  metals  are  nearly 
absent  to  those  in  which  they  are  relatively 
abundant.  Pyrite  is  nearly  everywhere  pres¬ 
ent  and  is  locnlly  rather  abundant.  Lead  und 
zinc  ore  relatively  abundant  and  arsenic  nnd 
mckel  r.re  present  in  small  amounts  in  the 
Escalante  vein.  Copper  and  antimony  in  the 
form  of  tetruliedrite  are  present  in  considerable 
quantity  iu  some  of  tho  veins  of  the  Tushar 
Range.  Mercury  has  been  recognized  in  the 
veins  of  the  Gold  Springs-State  Lino  area  and 
may  be  present  at  other  localities. 

The  only  primary  gold-silver  mineral  noted 
by  the  writer  is  a  silvery-white  mineral  carry¬ 
ing  selenium  and  tellurium  and  containing  fis¬ 
sures  filled  with  pnlo  gold  that  has  probably 
resulted  from  its  alteration.  Sulphide  of  silver 
is  reported  from  tho  Annie  Laurie  mine.  Tho 
greater  part  of  the  gold  occurs  as  free  gold  and 
much  of  tho  silver  thus  far  extracted  has  boon 
the  chloride,  cerargjTitc.  Possibly  the  gold 
as  well  ns  the  cerargyrite  is  second  ary  in  origin. 

Tho  veins  difTer  greatly  in  their  gold  and 
silver  content.  Some  are  essentially  gold  veins, 
others  essentially  silver  veins,  and  still  others 
contain  gold  and  silver  in  all  proportions. 
Sharply  contrasting  vein3  occur  in  the  same 
district.  The  causes  of  these  differences  are 
unknown. 

The  metallic  constituents  aro  segregated  in 
the  veins  in  irregular  shoots,  many  of  which 
constitute  only  a  small  part  of  the  vein  nnd  are 
with  difficulty  found  and  followed.  This  has 
prevented  tho  profitable  exploitation  of  some 
veins  that  are  known  to  be  ore  bearing. 

The  minerals  formed  in  the  wull  rock  differ 
greatly  ui  different  localities.  Li  the  Gold 
Springs  und  State  Line  districts  tho  extensive 
alteration  consists  chiefly  in  tho  replacement 
of  the  country  rock  by  a  fine-grained  mixture 
of  quartz  and  orthoelase  which  constitutes  ft 
resistant  rock  that  causes  the  veins  to  outcrop 
prominently.  (See  PI.  XIX.)  To  a  lesser 
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PLATE  XIX 


d.  photomicrograph  of  specimen  of  highly  altered  wall  rock 
adjacent  to  veins  from  gold  springs  district. 

"  “A.  minru.  Enlnival  30  diniuc^ora. 
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extent  there  has  been  sorieitiza tion  and,  where 
alteration  i.s  slight,  chloritization  of  the  dark 
silicates.  In  the  Tushar  Range  the  prevailing 
mctasomatic  alteration  has  been  of  the  latter 
chorKCtor. 

No  chemical  analyses  arc  available  that  show 
the  quantitative  changes  that  took  place  in 
the  alteration,  hut  them  was  evidently  removal 
of  soda,  lime,  and  magnesia,  and  notable  addi¬ 
tions  of  potassium.  The  mincralogic  altera¬ 
tion  was  much  greater  than  the  chemical. 

Gold  and  silver  deposits  of  this  typo  in  Utah 
have  not  yielded  largo  returns.  The  Annie 
Laurie  mine  was  an  important  producer  for 
several  years,  and  numerous  other  mines  have 
produced  a  little  ore,  but  developments  so  fordo 
not  give  reason  for  expecting  large  production. 
However,  tho  districts  in  winch  the  deposits 
occur  hove  not  boon  extensively  prospected  and 
valuable  doposits  may  yet  he  found.  Prohubly 
also  improvements  in  metallurgy  will  make  it 
possible  to  treat  some  partly  developed  ores  of 
too  low  grade  to  be  profitably  handled  at 
present.  Similar  deposits  are  abundant  in 
other  Western  States  and  have  yielded  large 
amounts  of  gold  and  silver.  Like  the  Utah 
deposits  they  differ  greatly  in  their  relative 
content  of  gold  and  silver.  They  include  the 
Comstock,  Tonopah,  Rawhide,  and  Bullfrog 
districts  hi  Nevada  1  and  many  others. 

Ai.usrrK  v  kins. 

Veins  composed  essentially  of  tho  mineral 
alunite  and  having  value  for  then-  potassium 
and  possibly  for  their  aluminum  content  have 
been  worked  in  the  Tushar  Range. 

Tbo  deposits  are  distinctly  banded  or  trusti¬ 
fied  (see  PL  XX)  and  have  apparently  been 
formed  for  the  most  purt  ns  a  filling  of  open 
fissures.  The  vein  material,  which  is  essentially 
pure  alunite,  varies  in  texture  from  rather 
coarsely  crystalline  to  fine  and  porcelain-like, 
and  in  many  places  has  a  slightly  schistose 
structure,  probably  due  to  movements  along 
the  vein. 

Some  of  tho  wall  rock  has  been  highly 
altered  for  scores  of  feet  from  tho  main  vein, 
usually  to  a  rock  c«mi>osed  essentially  of 
quartz,  alunite,  and  pyrite.  (See  PL  XXI.) 
The  alunite  has  replaced  feldspar  and  other 
aluminous  minerals,  and  the  sihea,  freed  by 
the  breaking  up  of  the  silicates,  has  crystallized 


as  fine-grained  quartz.  The  iron  of  the  dark 
silicates,  in  largo  part  at  least,  has  combined 
with  sulphur  to  form  pyrite. 

No  chemical  analyses  oro  available  to  show 
the  quantitative  changes)  but  mincralogic  study 
discloses  that  essentially  all  tho  soda,  calcium, 
and  magnesium  were  removed  and  that  large 
amounts  of  sulphur  and  water  wero  added. 
The  changes  in  silica,  alumina,  and  potassium 
aro  not  so  readily  determined.  The  potassium 
in  tho  original  rock  scorns  sufficient  to  form  the 
alunite  in  I  ho  altered  rock  and  some  of  it  may 
have  been  removed.  In  the  absence  of  chemi¬ 
cal  analyses  It  is  uncertain  to  what  extent  the 
alumina  and  tho  silica  have  been  changed.  (See 
also  p.  181.) 

RELATIONS  OF  DIFFERENT  TYPES  OF  VEINS  TO  ONE 
ANOTHER  AND  TO  OTHER  TYPES. 

The  close  genetic  relation  between  the  gold- 
silver  veins  and  those  containing  important 
amounts  of  base  metals  (see  p.  179)  is  perhaps 
best  shown  in  the.  Tushar  Range,  where  there 
is  practically  every  graduation  from  veins 
containing  but  small  amounts  of  tho  base  metals 
to  those  in  which  tetrnhedrite  is  rather  plenti¬ 
ful,  ami  from  these  hi  turn  to  veins  containing 
abundant  tetrahedrite,  sphalerite,  and  galena. 
Tho  some  conditions  exist,  in  lesser  degree, 
in  the  zone  extending  from  the  State  Lino  dis¬ 
trict  southward  through  Gold  Springs  and 
Modena  to  the  Escalante  mine.  In  the  San 
Francisco  district  the  gold-silver  veins  are 
not  represented,  but  the  lead-silvcr-zinc-copper 
veins  show  so  many  similarities  to  those  in  the 
Tushar  Range  that  thero  can  bo  little  doubt 
that  they  belong  in  tho  same  type.  It  seems 
reasonable  to  conclude  then  that  tho  precious 
metal  and  base  metal  veins  arc  members  of  a 
continuous  series, 

The  alunite  veins,  so  far  as  known,  are 
present  only  in  tho  Tushar  Range,  where  their 
relationship  to  the  other  veins  of  tho  district 
is  indicated  by  their  presence  in  the  main  min¬ 
eralized  zone,  by  their  general  conformity  in 
strike  with  tho  metal-hearing  veins,  and  by 
their  composition.  The  metal-bearing  veins 
are  notably  rich  in  potash  and  aluminum  and 
in  this  respect  resemble  the  alunite  veins. 
The  notable  difference  of  tho  two  lies  in  the 
absence,  so  far  as  known,  of  tho  common 
metals  <tf  the  district  from  tho  alunito  veins 
and  in  the  presenro  in  them  of  abundant  sul¬ 
phate,  which  appear;  in  the  other  veins  in 


1  Lindgreo.  Walrtemif,  Jlmoral  dcposl!*,  PC-  05-512,  1315- 
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relatively  small  amount  us  barium  sulphate 
(barite). 

Alunite  deposits  have  been  found  only  in 
the  Tushar  Range,  where  erosion  since  the 
deposits  were  formed  has  been  relatively 
slight,  and  are  absent  from  districts  like  the 
San  Francisco,  where  erosion  has  been  rela¬ 
tively  great,  deeply  exposing  the  intrusive 
bodies  beneath  the  lavas.  It  seenus  not  im¬ 
probable  that  alunite  formed  only  near  the 
surface  and  has  been  preserved  only  where 
erosion  has  been  exceptionally  slight.  This 
interpretation  seems  to  agree  with,  occurrences 
in  the  San  Juan  region  of  Colorado.1 

In  the  Tushar  Range  the  deposits  in  the 
volcanic  rocks  may  be  attributed  to  a  common 
origin  with  deposits  in  the  sedimentary  rocks 
(p.  552),  and  those  in  the  sedimentary  rocks 
in  turn  show  a  genetic  relation  to  those  in  the 
intrusive  rocks.  The  same  holds  true  in  the 
San  Francisco  district.  In  the  Gold  Springs- 
State  Line  district  no  intrusive  or  sedimentary 
rocks  have  been  recognized,  but  it  seems 
reasonable  to  attribute  the  deposits  in  the 
volcanic  rocks  to  a  similar  origin. 

It  has  already  been  pointed  out  that  the 
deposits  in  the  intrusive  and  sedimentary 
rocks  were  derived  (see  p.  177)  from  materials 
differentiated  from  crystallizing  igneous  ma¬ 
terial.  In  the  volcanic  rocks  the  differen¬ 
tiates  have  risen  along  well-defined  fissures: 
from  deep-seated  sources,  probably  from  bodies 
of  intrusive  quartz  monzonite,  which  in  the 
Tushar  and  San  Francisco  runges  have  been 
partly  exposed  by  erosion. 

It  is  evident  that  a  notable  change  took  place 
in  the  character  of  the  solutions  during  the 
formation  of  the  deposits  in  the  volcanic  rocks 
and  during  the  passing  of  the  solutions  from 
their  deep-seated  source  toward  the  surface. 

The  earliest  solutions  deposited  abundant 
carbonates  and  some  sulphate  (barite).  They 
were  followed  by  solutions  that  deposited 
abundant  quartz  and  feldspar  and  some  metal¬ 
lic  minerals  that  replaced  the  earlier  carbon¬ 
ates.  The  alunite  veils  were  apparently 
deposited  near  the  surface,  and  it  is  not  certain 
whether  t  hey  were  formed  later  than  the  quartz- 

i  Cross,  Whitman,  Geology  of  Silver  CHIT  and  Rosita  Hills,  Colo.: 
C.  8.  G«ol.  Survey  Seventeenth  Ann.  Rcpt.,  pi.  2,  pp.  2(3-103,  1900. 
Cross,  Whitman,  nud  Spencer,  A.  C„  Geology  of  Rico  Mcuota.n*,  Colo.: 
XT.  8.  Gcol,  Survey  Twen'.y-Orxt  Ann.  Rept.,  pt.  2,  pp.  (ri-W,  1900. 

I -erven,  R.  8.,  Alunilo  in  the  Son  Cristobal  quadrangle,  Colo.:  U.  S. 
Gcol.  Survey  Bull.  MO,  pp.  179-183,  1913. 


adularia  veins,  after  the  solutions  had  further 
changed  in  character,  or  were  deposited  from 
solutions  which  had  become  relatively  rich  in 
sulphates  by  the  removal  of  the  carbonates, 
silicates,  and  sulphides  or  from  solutions  con¬ 
taining  abundant  hydrogen  sulphide  that  had 
been  oxidized  near  the  surface  by  admixture 
with  descending  solutions. 

The  origin  of  the  potassium  and  aluminum 
of  the  alunite  is  also  uncertain.  The  gold- 
silver  veins  are  rich  in  both,  and  insome places, 
especially  in  the.  Gold  Springs-State  Line  dis¬ 
trict,  they  have  been  added  to  the  wall  rock, 
which  would  suggest  that  these  constituents 
were  derived  from  deep-seated  sources.  On 
the  other  hand,  some  of  the  deeper-seated 
deposits  in  the  lavas,  as  in  the  Horn  Silver 
mine,  and  some  of  the  deposits  in  the  associ¬ 
ated  intrusive  rocks,  as  in  the  Antelope  Moun¬ 
tains  northeast  of  Marysvnle,  show  a  pro¬ 
nounced  leaching  of  aluminum  and  potassium 
from  adjacent  rock,  together  with  most  of  the 
other  elements  with  the  exception  of  silica. 
This  suggests  that  potassium  and  aluminum, 
together  with  other  elements,  may  have  been 
leached  from  the  deeper  zone  and  redeposited 
near  the  surface  where  conditions  of  solution 
were  less  favorable.  'The  alteration  of  tho  wall 
rocks  indicates  that,  with  the  exception  of 
silica,  aluminum  and  potassium  were  the  last 
elements  to  be  removed  in  the  zone  of  leaching, 
and  it  seems  reasonable  to  suppose  that  they 
would  be  among  the  earliest  to  be  deposited 
(following  quartz).  It  might  be  supposed  then 
that  much  of  tho  vein  material  was  leeched 
from  the  rocks  adjacent  to  the  veins  at  lower 
horizons  and  redeposited  as  it  rose  toward  tho 
surface,  the  quartz  or  the  quartz  and  feldspar 
being  deposited  before  tho  alunite  and  the  more 
soluble  materials  deposited  nearer  the  surface, 
where  they  have  since  been  eroded,  or  carried 
out  on  the  surface  in  ther  mal  springs. 

That  sulphatos  become  relatively  abundant 
in  the  Liter  stages  of  ore  deposition  is  indicated 
at  numerous  localities,  especially  in  the  Cactus 
deposit,  where  anhydrite  was  abundantly  de¬ 
posited  during  the  later  stages  of  deposition. 
Barite  is  abundant  in  tho  Tintic  deposits, 
which  were  formed  under  relatively  shallow 
conditions  and  from  which  small  amounts  of 
alunite  nre  reported.  Barite  is  also  an  abun¬ 
dant  ganguo  in  the  Horn  Silver  deposit,  and 
occurs  in  deposits  in  tho  volcanic  rocks  in  the 
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Tusker  Range,  whore,  however,  it  has  been 
locally  replaced  by  quartz  and  adulurin. 

The  solutions  that  formed  the  ore  in  the 
Morn  Silver  deposit  removed  potassium,  alumi¬ 
num,  and  other  constituents  from  the  wall  rock 
(p.  519)-  As  the  solutions  passed  upward  they 
doubtless  contuined  the  sulphate  radiclo  to¬ 
gether  with  potassium,  aluminum,  and  water — 
all  the  constituents  of  alunite— and  it  seems 
entirely  possible  that  at  some  higher  horizon, 
now  removed,  alunite  deposits  similar  to  those 
of  the  Tusbar  Range  may  have  been  formed. 

A  mineral  occurrence  of  especial  interest  in 
this  connection  is  that  of  hinsdalite,  similar  in 
character  to  alunito  (2 PbO .3 A L0a . 2S03 . P  ,0V 
611,0),  which  occurs  in  the  Golden  Flecco  mine,1 
near  Lake  City,  Hinsdale  County,  Colo.  It 
occurs  ns  an  original  vein  mineral  with  quartz, 
barite,  pyrite,  galena,  tetrahedrite,  and  rhodo- 
chrosite  in  a  vein  cutting  a  series  of  volcanic 
rocks.  Its  general  occurrence  is  in  many 
respects  similar  to  that  of  alunito  in  tho  de¬ 
posits  in  the  volcanic  rocks  of  Utah.  Lumen2 
has  suggested  a  possible  relation  between  the 
hinsdalite  in  tho  Golden  Fleece  mino  ami  the 
nlunite  of  the  neighboring  deposits,  and  con¬ 
siders  it  as  most  readily  explained  as  formed 
by  "deep-seated  hot  sulphuric  acid  solutions 
without  the  aid  of  surface  agents.”  For  fur¬ 
ther  discussion  see  page  84. 

COMPARISON  OF  DIFFERENT  TYPES  OF  DEPOSITS 
ASSOCIATED  WITn  IGNEOUS  ROOKS. 

GENERAL  FEATURES. 

If,  as  seems  probuhle,  most  of  the  ore  de¬ 
posits  of  western  Utah  associated  with  igneous 
rocks  wero  deposited  from  solutions  migrating 
upward  and  outward  from  differentiating  mag¬ 
matic  material  into  zones  of  successively  lower 
temperature  and  pressure,  then  even  those  in 
the  different  types  of  rock  should  show  certain 
similarities  corresponding  to  similar  conditions 
of  temperuture  ond  pressure. 

Such  similarities  might  ho  expected,  for 
ms t  unco,  between  deposits  in  the  sedimentary 
rocks  and  those  in  the  extrusivo  rocks.  The 
zone  of  highest  temperuturo  and  pressure  in  the 
sedimentary  rocks  contains  contact  deposits 

'Larson,  E.  8.,  Jr.,  and  Soho  lcr,  W.  T.,  HbudaUto,  ■  new  mineral 
Am.  Jour.  Eel.,  vol.  32,  pp,  EiLJ,  1911.  Irvine,  J.  D.,  nnd  Dancrolt, 
Howland,  Geology  and  ora  dapocdW  near  Lakfl  City,  Colo.:  U.  8.  Cool. 
Surrey  Bull.  47H,  p.  54, 19U. 

•Larsen,  E.  8.,  Jr.,  AluuUo  lu  '.he  Son  Crialohsl  quadrangle,  Colo.: 
U.  S.  Gcol.  Survey  Bull.  S»,  p.  IS,  1913. 


which  hnvo  copper  and  iron  ns  their  chief  valua¬ 
ble  metal  constituents.  Nowhere  in  the  State, 
however,  are  corresponding  deposits  hi  the 
extrusivo  rocks  found. 

Failure  to  find  such  deposits  may  ho  attrib¬ 
uted  to  ono  of  two  principal  causes  or  a  combi¬ 
nation  of  tho  two.  First,  tho  contact  deposits 
in  the  sedimentary  rock  wero  formed  where  the 
solutions  passed  into  a  chemical  environment 
very  different  from  the  ono  they  had  been 
traversing  and  the  deposits  were  due  in  huge 
part  to  chemical  reactions.  In  passing  from 
an  intrusive  to  nu  extrusive  rock,  ou  tho  other 
hand,  the  chemical  conditions  arc  not  greatly 
changed  and  important  reactions  are  not 
induced.  Second,  most  intrusions  into  sedi¬ 
mentary  rocks  occurred  at  great  depth  and  con¬ 
sequently  under  conditions  of  temperature  and 
pressure  favorable  to  tho  formation  of  contact 
deposits.  Intrusions  into  extrusive  rocks,  on 
the  other  hand,  occurred  relatively  near  tho 
surface  under  correspondingly  unfavorable  con¬ 
ditions  for  tho  formation  of  deep-seated  de¬ 
posits.  Either  individually  or  jointly  theso 
causes  would  tend  to  prevent  the  formation  of 
deposits  in  extrusivo  rocks  corresponding  to  the 
contact  deposits  in  tho  sedimentary  rocks, 

Deposits  formed  in  tho  sedimentary  rocks 
under  conditions  of  moderate  nnd  relatively 
low  temperature  and  pressure  (the  replacement 
fissure  deposits)  have  closely  analogous  types 
in  the  deposits  in  the  extrusive  rocks.  The 
base-metal  deposits  in  tho  extrusive  rocks  in 
the  Horn  Silver  and  Beaver  Carbonate  mines 
of  tho  Sun  Francisco  district  and  in  less  impor¬ 
tant  mines  in  tho  Tushar  Range  resemble  the 
replacement  veins  in  the  sedimentary  rocks  of 
the  Tintic,  Park  City,  Bingham,  and  other 
districts.  The  similarity  of  tho  deposits  of  the 
Horn  Silver  mine  to  those  of  tho  Tintic  district 
is  especially  striking,  the  rock  in  both  places 
having  been  largely  replaced  by  cherty  quartz 
and  the  gangue  minerals  in  both  being  fine¬ 
grained  quartz  and  barite.  Again,  the  gold- 
silver  veins  in  the  extrusivo  rocks  of  the  Tushar 
Range  and  Gold  Springs-State  Line  area 
resemble,  certain  deposits  in  the  sedimentary 
rocks  that  have  their  greatest  value  in  the 
precious  metals  but  that  contain  also  copper, 
lead,  zinc,  arsenic,  antimony,  and  locally  quick¬ 
silver.  Such  deposits  are  present  in  tho  Tintic 
district  and  in  the  Tushar  Range  (in  the  Deor- 
j  trail  mine)  hut  have  been  most  extensively 
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milled  in  the  Lion  Hill  section  of  tho  Ophir  dis¬ 
trict  and  in  the  Mercur  district.  Both  types  of 
rock  contain  deposits  in  which  gold  predomi¬ 
nates  and  other  deposits  in  which  silver  pre¬ 
dominates.  In  the  ext  nisi  vo  rocks  both  gold 
deposits  and  silver  deposits  occur  in  tho  differ¬ 
ent  veins  of  the  Tush  nr  Range  and  Gold  Springs- 
Stato  Line  districts,  and  in  tho  sedimentary 
rocks  gold  deposits  occur  in  tho  Mercur  district 
and  silver  deposits  in  the  neighboring  Lion  Hill 
district. 

In  tho  Tush  ar  Range  (seep.  552)  there  appeals 
to  bo  n  progressive  change  in  the  character  of 
the  deposits  as  the  distance  from  their  source 
increases  or  as  moro  deep-seated  give  place  to 
less  deep-seated  conditions;  and  in  general  the 
relative  amounts  of  the  precious  metals  increase 
as  the  distance  from  the  source  increases  or  as 
less  deep-seated  conditions  are  attained.  A 
similar  condition  exists  in  the  deposits  in  the 
sedimentary  rock  in  tho  Oquirrh  Range  in 
passing  outward  from  the  main  intrusive  body 
in  tho  Bingham  district  through  the  lend-zinc- 
copper-silver-gold  deposits  of  tho  Stockton  and 
Ophir  districts  to  the  essentially  silver  deposits 
of  the  Lion  Hill  and  the  gold  and  quicksilver 
deposits  of  the  Mercur  and  adjacent  districts. 
It  may  be  noted  that  arsenic  and  antimony  are 
more  abundant  in  deposits  formed  at  relatively 
shallow  depth, 

In  the  Tintic.  district,  however,  Lindgren 
notes  that  gold  is  most  abundant  near  the  in¬ 
trusive  rocks.  Silver  increases  with  increased 
distance  from  the  intrusive  bodies  to  a  maxi¬ 
mum  beyond  which  there  is  a  decrease,  tho  lead 
and  zinc  in  the  extreme  outer  zone  being  ac¬ 
companied  by  relatively  littlo  silver. 

No  deposits  that  bear  a  close  analogy  to  the 
alunite  veins  in  the  extrusive  rocks  have  been 
recognized  in  the  sedimentary  rocks.  How¬ 
ever,  some  of  the  deposits  in  the  sedimentary 
rocks  that  are  believed  to  have  formed  at  rela¬ 
tively  shallow  depth  arc,  like  the  deposits  in 
the  extrusive  rocks,  rich  in  potassium  and 
aluminum,  This  is  notably  tme  of  the  Deer- 
trail  deposit,  of  the  Mercur  deposits,  and  of 
some  of  the  deposits  iu  the  Ophir  district. 
SIGNIFICANCE  of  primary  sulphate  minerals  in 

THE  GENESIS  OF  ORE  DEPOSITS. 

FORMATION  OF  SULPHATE  MINERALS. 

In  studying  ore  deposits  the  writer  has  sev¬ 
eral  times  been  confronted  with  the  problem 
of  accounting  for  the  formation  of  sulphate 


minerals  that  are  apparently  primary'.  These 
minerals  occur  at  places  where  no  evidence 
can  be  found  of  their  formation  by  surface 
oxidation.  Either  they  were  formed  directly 
by  igneous  emanations  or,  if  they  were  formed 
by  surface  agencies,  those  agencies  must  have 
affected  tho  deposits  of  other  associated  min¬ 
erals  that  would  ordinarily  bo  regarded  as  of 
bypogene  origin.  An  atlcnapt  will  be  made  to 
analyze  this  problem  by  starting  with  the 
belief,  based  on  deductions  from  field  obser¬ 
vations,  that  the  sulphates  iu  certain  deposits 
have  been  formed  directly  by  igneous  emana¬ 
tions.  To  avoid  complications  the  occurrence 
of  the  minerals  in  deposits  that  are  not  gener¬ 
ally  regarded  as  associated  with  igneous  rock 
is  discussed  only  incidentally.  It  is  recognized 
that  nearly  all  the  sulphates  that  occur  ns 
apparently  primary  minerals  in  ore  deposits 
associated  with  igneous  rocks  have  also  been 
formed  in  places  where  they  are  not  associated 
with  igneous  rocks.  It  is  likewise  recognized 
that  in  the  formations  of  at  least  some  of  the 
primary  sulphates  in  ore  deposits  that  are 
associated  with  igneous  rocks  surface  agencies 
may  have  played  a  part.  The  general  con¬ 
clusion  reached  is  that  some  of  the  metals  that 
at  high  temperature  are  combined  with  oxy¬ 
gen  give  up  oxygen  as  tho  temperature  is 
reduced,  and  both  the  metals  and  the  oxygen 
tend  to  combine  with  sulphur,  producing  sul¬ 
phides  of  the  metals  and  oxides  of  sulphur.  At 
suitable  temperatures  the  sulphites  and  sul¬ 
phates  are  doubtless  formed  and  the  less  soluble 
sulphates  are  deposited.  Moreover,  it  is  be¬ 
lieved  that  certain  conditions  lead  to  the  for¬ 
mation  of  free  sulphuric  ucid,  which,  on  re¬ 
action  with  potassium-aluminum  rocks,  forms 
alunite. 

SULPHATE  MINERALS. 

Brief  summaries  of  the  occurrence  of  the 
principal  primary  sulphate  minerals  in  igneous 
rocks  or  of  the  sulphate  minerals  that  are  ap¬ 
parently  primary  in  veins  which  are  believed 
to  he  associated  with  igneous  rocks  are  given 
below.  No  attempt  is  made  to  include  in  this 
summary  occurrence  of  these  minerals  in  other 
relations,  or  to  give  a  complete  list  of  localities. 

Eauynlle  and  rwstlite. — Haiiynite  [(NajCa), 
(NaS04Al)AL(S04)3]and  nosehte  [Na4(NaS04AD 
Alj(Si04)  J  are  primary  minerals  in  certain  rather 
uncommon  types  of  eruptive  rocks  such  as 
those  of  the  Cripple  Creek  volcano.  It  is 
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noteworthy  that  those  minerals  are  character¬ 
istic  components  o!'  volcanic  rocks,  whereas  the 
closely  related  chloride  minerals  aro  compo¬ 
nents  of  phi  tonic  or  deep-seated  rocks.  In 
Utah  they  are  known  in  small  dikes,  as  those  in 
the  La  Sal  mountain  laccoliths.  % 

Barite.-  -Barite  (BaSOt)  is  perhaps  the  most 
common  primary  sulphate  vein  mineral.  It 
occurs  usually  if  not  invariably  in  denosits 
formed  at  moderate  and  low  temperature1  or 
among  lutcr  minerals  formed  in  deposits 
that  contain  minerals  deposited  at  high  tem¬ 
perature.  Barite  also  occurs  where  it  is  not 
known  to  be  related  to  igneous  rocks. 

It  is  difficult  to  determine  even  approxi¬ 
mately  tho  temperature  at  which  any  mineral 
deposit  was  formed,  bu t  Lmdgren2  has  grouped 
the  minerals  in  such  deposits  in  three  classes— 
those  formed  at  low  temperature  (200°  C.  or 
less,  perhaps  much  less),  at  moderate  tempera¬ 
tures  (175°  to  300°  C.),  und  at  high  tempera¬ 
tures  (300°  to  575°  C.).  Contact  deposits 
may  have  been  formed  at  much  higher  tom- 
peratures,  such  as  those  of  magmas,  which 
range  from  S00°  to  1,400°  C. 

Arhydritc. — Anhydrite  (CaSO<)  has  only 
recently  been  recognized  as  a  primary  vein 
mineral,  and  its  associations  indicate  deposi¬ 
tion  at  moderate  temperature.  Anhydrite 
has  the  unusual  property  of  decreasing  in  solu¬ 
bility  with  increase  of  temperature,  being  but. 
slightly  soluble  at  200°  C.3 

It  might  be  supposed  that  anhydrite  would 
form  most  abundantly  in  deposits  that  replace 
limestone,  but  the  recorded  occurrences  do  not 
justify  tills  supposition.  Probably  tho  abun¬ 
dant  carbon  dioxide  that  must  necessarily  be 
present  in  solutions  that  are  replacing  limestone 
inhibits  the  precipitation  of  calcium  sulphate. 

Lindgrcn4  first  observed  anhydrite  as  a  vein- 1 
forming  mineral  in  the  Cactus  mine,  Utah, 
where  it  occurs  in  a  vein  in  raonzoiiite  asso¬ 
ciated  with  tourmaline,  hematite,  pyrite,  chol- 
copyrite,  barite,  and  siderite.  Anhydrite,  ba¬ 
rite,  and  siderite  were  among  the  latest  min¬ 
erals  to  form.  Lindgren  gave  the  following 
suggestion  as  to  the  origiu  of  the  anhydrite: 

’  K turnons,  W.  H.,  A  genetic  cUollViUtoo  afniiitrah:  Keen.  Ovojcsy, 
vel-  S.  p.  «1S,  190*. 

>  l  indgrcn,  Waldcnmr,  Mineral  deposits:  McGraw-Hill  l'ubBsiilng 
Co.,  Nvw  York,  1(113. 

'Moj'-Uor,  A.  C.,  Am.  Chom.  S*.  Jour.,  vol.  32.  pp.  VVW,  1910. 

*  Unlrran,  WaWcmnr,  New  occurrence  o!  willcmito  sod  anhydrite. 

Menc*,  KCTfKr,,  vol.  M,  p.  933,  190S. 


It  is  sucres  ted  as  a  possibility  that  daring  tho  Inter  part 
o(  niineralLral-ioti  tho  anhydrite  wan  precipitated  by  a  re 
action  between  ascending  eolation*  oi  *  ilium  sulphate 
and  doacendiiig  solutions  containing  calcium  carbonate. 


fhe  writer s  accepted  this  interpretation, 
but  with  reservations  and  doubts  that  are 
among  the  motives  which  led  to  the  prt'pu ra¬ 
tion  of  this  discussion. 


Anhydrite  occurs  in  tho  Bully  Ilill  district, 
Calif.,  in  lodes  in  ulaskito  porphyry  and  is 
associated  with  pyrile,  chaleopyrito,  sphal¬ 
erite,  and  barite.  Graton a  apparently  re¬ 
gards  it  as  having  been  deposited  directly  from 
ascending  solutions. 

Boyle  7  also  regards  the  gypsum  and  nnhy- 
drito  of  t lie  Bully  Ilill  district  ns  of  deep- 
seated  origin,  supposing  that  t  ho  calcium  was 
derived  from  tho  limestone  through  which  the 
solutions  passed. 

Anhydrite  is  reported  from  tho  Oobro  dis¬ 
trict,  Santiago,  Cuba.  Tho  deposits  are  in 
andesite  tuff  cut  by  dikes  of  andesite.  Tho 
associated  minerals  arc  pyrite,  ehnlcopyrite, 
and  quartz." 

Geyer  5  describes  anhydrite  in  deposits  in 
Sweden  associated  with  tremolite,  galena, 
chaleopyrito,  and  pyrite. 

Heivott 10  and  Miller  and  Singe wald 11  have 
described  the.  reinurkable  deposits  of  the  Minas- 
ragra  vanadium  mine  of  Peru.  Hewett  i3 
quoted  by  Miller  and  Singowald  as  follows: 


The  central  lew  of  patronito  (a  greenkh-black  linin' ml 
th«t  »  a  sulphide  of  vanadium),  c«iko  (a  dull-black  vesic¬ 
ular  hydrccarbon),  and  qubijuoite  (a  black  lustrous  hy¬ 
drocarbon)  which  attains  a  maximum  thickness  ot  nearly 
30  feet,  is  entirely  inclined  in  a  sono  of  material  that  is 
locally  called  vela  inadre,  which  is  about  -10  feet  thick  on 
both  wall*  of  the  smaller  line*  and  extends  lieyond  its 
end*.  Veta  madre  is  a  mixture  of  cnrtliv  initterin!,  dis- 
seminnted  sulphide  of  vanadium,  and  anhydrite,  which  is 
largely  altered  to  gypsum  on  tho  love  I  of  tunnel  No,  2,  120 
ieet  below  tho  surfaco.  It  repre-  tits  shale  that  has  been 
more  or  less  ruturated  by  Bitlpbido  of  vanadium  and  re¬ 
placed  by  anhydrite.  *  *  *  It  appears  that  after  the 
intrusion  of  the  dikes  of  igneous  recks,  the  “diko”-like  lena 

»  Butter,  B.  S.,  Oology  or.l  uro  deposit*  I  the  Son  Francisco  and 
aJJicontdlcUlcoi.Ulnle  U.  8.  Goal.  Survey  Trot  Paper  So  p.  124,  1913. 

•Graton,  t..  C.,  Ttw  occurreoco  of  copper  In  Shasta  Co  nty,  Calil 
0.  8.  Goal*  Survey  Hull.  130,  p.  1 00,  into. 

r  poyj*,  A.  C„|r.,  Geology  and  oro  deposit*  of  tile  Bully  Bill  uilniur. 
Jutrtcl.  Calif.:  Am.  list.  Min.  Eng.  Trim*.,  vol.  4X,  p.  HI.  IMS. 

»  Emerson,  E.  H.,  G  colon  In  de  la*  mir.-uc  Del.  do  Minna,  Cuba,  No.  4, 
pp.  47-32,  101*. 

*  Geyer,  1'er,  Falutmknus  I-  rggrund  uck  malmfyndlghcter  Geol. 
Survey  Sweden  Arshok,  1910,  p.  IW- 
•;»  Hewctt.D.  K,  Am.  list.  Min-  Eng. Trans.,  vol.  40, pp. 314-SO,  two. 
n  Miller,  B.  L.,  and  Slngewnld,  J.  T.,  The  mint  pi)  dr  p  sits  of  South 
America,  pp.  4*7-491,  New  York,  McGraw-Hill  Book  Co.,  islv. 
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of  patronite,  coke,  and  quisqucite  entered  a  cr'isbed  /.me 
in  red  slialc.  At  tho  same  time  the  shale  walls  were  par¬ 
tially  replaced  by  anhydrite  and  sulphide  of  vana<liunj. 

Bastin  1  has  described  prim  ary  anhydrite 
and  gypsum  in  tho  Braden  copper  deposits  of 
Chile.  Tho  rocks  and  ores  of  the  district 
record  a  complicated  series  of  igneous  activi¬ 
ties,  including  extrusions  and  intrusions  and 
three  distinct  periods  of  mineralization.  The 
minerals  of  the  first  period  were  tourmaline 
and  relatively  small  amounts  of  pyrite  and 
chalcopyrite.  Tho  minerals  of  the  second 
period  were  mainly  quartz,  pyrite,  and  chal¬ 
copyrite  and  small  amounts  of  black  tourma¬ 
line  and  a  little  biotite.  The  metallic  miuernls 
of  the  third  period  include  pvrito,  ehalcopyite, 
bornitc,  galena,  sphalerite,  molybdenite,  ton- 
nnntite,  enargito,  and  huhnerite,  and  the 
ganguo  minerals  siderite,  rhodochrosile,  cnl- 
eilo,  anhydrite,  gypsum,  and  barite.  The 
mineralization  of  the  third  period  is  thought 
by  Bastin  to  have  taken  place  at  a  lower  tem¬ 
perature  than  that  of  the  earlier  periods  and 
was  characterized  by  solution  of  tourmaline 
ns  contrasted  with  deposition  of  that  mineral 
in  the  first  two  periods. 

Anhydrite  is  also  present  in  the  copper 
deposits  of  Cukn-Dulkun  at  Bor,  Serbia.2  It 
is  regarded  by  Lazurevic,  however,  as  second¬ 
ary. 

Anhydrite  occurs  most  abundantly  where  it 
is  not  associated  with  either  igneous  rocks  or 
veins. 

Gypsum. — Gypsum  is  a  common  mineral  in 
ore  deposits  but  has  doutless  usually  been 
formed  by  tho  alteration  of  anhydrite  or  by 
reaction  botweon  solutions  of  sulphuric  acids 
(produced  by  the  oxidation  of  sulphides)  and 
calcium-henring  minerals.  As  already  noted, 
Bastin  considers  gypsum  in  the  Braden  mine 
as  primnry. 

Adolph  Knopf  has  kindly  furnished  tho  fol¬ 
lowing  note  on  the  occurrence  of  gypsum  at  the 
Utica  mine,  Calif.: 


Tho  ore  on  the  2,100-foot  lovel  of  the  Utica  mine,  on  the 
Mother  Lode  at  Angels,  Calif. — a  low-grade  ore  averaging 
$2  in  gold— consists  oi  quartz  and  subordinate  dolomite, 
gypsum,  and.  a a  showu  under  the  microscope,  albite.  The 
only  sulphide  pre-ant  is  some  extremely  fine  grained 
galena  disseminated  in  small  patches.  The  vein,  which 
m  Vertical,  is  inclosed  in  amphibolite  schist,  and  the 


1  Bastin,  X.  S.,  private  report  lw-cd  on  do  lulled  study. 

•  I.iuarovio,  M.,  Ehiirjil-cuvt'llln-lftsvrtiitia  vun  Cuka-Dulk.ui  I,c 
Borin  Cd-Serblen:  Zeilxhr  prakl.  GoologU,  vol  70,  p.  Xi 7.  lop,. 


vcm  and  country  rock  are  so  impervious  and  dry  that  the 
m:ne  workings  nre  dusty,  although  the  niiuo  above  the 
900-fcot  level  make3  large  quantities  of  water.  The  gyp~ 
sum  is  intimately  intergrown  with  the  quartz,  and  this 
fact,  together  with  its  occurrence  so  far  holow  the  zone  of 
oxidation  and  tho  obvious  imperviousness  of  tho  vein  to 
descending  waters,  suggests  that  the  gypsum  is  a  primary 
(liypogwie)  constituent  of  tho  ore.  Under  tho  microscope 
thegypsmo  is  seen  to  be  intergrown  with  quartz  in  patterns 
somewhat  like  micrographic  intergrowths,  and  "his  feature 
possibly  corroborates  the  evidence  of  its  primary  origin. 

Celestite. — Celestite,  like  barite  and  anhy¬ 
drite,  occurs  in  deposits  formed  at  intermedi¬ 
ate  to  low  temperature  and  also  at  many 
places  where  it  is  not  associated  with  igneous 
rocks. 

Aluniie. — AI unite  has  the  chemical  formula 
K20.,1/\_;jO3.4S03.6Hj0,  in  which  Na  mny  re¬ 
place  K  in  vnrying  proportions.  Alunite  is 
porhups  the  most  abundant  and  widely  dis¬ 
tributed  sulphate  mineral  that  is  associated 
with  altered  volcanic  rocks.  It  occurs  also 
as  a  secondary  (supergone)  mineral  in  the  oxi¬ 
dized  zone  of  ore  deposits.  Its  geuesis  has 
been  variously  interpreted  by  different  geolo¬ 
gists,  doubtless  because  it  has  been  formed  in 
various  ways.  The  occurrences  of  the  min¬ 
eral  have  been  summarized  by  Ransome  3  and 
later  by  Butler  and  Gale.4 

Perhaps  the  best-known  deposit  worked  for 
ftlunito  is  that  at  Tolfa,  Italy,  whoro  the  alu- 
nite  occurs  in  trachyte  and  is  said  to  give 
placo  in  depth  to  pyritic  trachyte.  Concern¬ 
ing  the  formation  of  tho  alunito  Do  Launay 
says:® 

Aluniie  is,  in  my  opinion,  a  product-  of  the  decomposi¬ 
tion  of  feldspar  similar  to  kaolin,  which  is  worked  in  (ho 
same  region,  and  often  from  the  same  vein,  and,  like  this 
kaolin,  ia  bound  to  disappear  in  depth.  The  theory  which 
was  formerly  held  is  somewhat  different.  It  was  thought 
that  thesulphur  vapora  of  eolfataric  kinds  circulated  in  the 
fissures  of  trachyte  and  attacked  directly  in  depth  the  feld¬ 
spars  of  the  latter,  and  a  relation  was  supposed  to  exist 
between  these  different  phenomena  and  the  trachyte  itself, 
t  believe, on  thecontrarv,  thatthcreare  two  entirely  distinct 
phases  in  the  phenomenon— first,  a  vein  deposit,  clearly 
delimited,  of  pyritic  trachyte,  corresponding  perhaps  to 
Iho  veins  of  a  trachyte  particularly  feldspathic  and  at 
Ihe  same  time  pvritie  like  the  granulites  of  Berezowsk 
(Oural);  second,  penetration  by  superficial  w  at  era  of  the 
feldspathic  rocks,  producing,  where  pyrite  fails,  the  ordi- 

» Ilmisomo,  >\  L.,  The  (eulogy  and  oro  deposits  of  Coldfield,  Nov.; 
0.  s.  Oeol.  Survey  I'rcl.  Taper  M,  |>p,  ISO-105.  1000. 

«  Butic-,  B.  S.,  on<l  Colo,  H.  8.,  Alunito,  a  newly  discovered  deposit 
near  Marys  vale,  Utah;  V.  8.  Coot.  Survey  Hull.  Sll,  1012. 

» Translation  by  Butler,  B.  S.,  end  Cole,  H.  S.,  op.  cit.,  p.  SJ,  from  Be 
l  unony,  t,  .  La  mdrelln-dnlo  do  I'ltnllo:  Cong.  gM.  Internal.,  Mill 
s,*,.,  Compl.  r-nd..  pi.  I,  1807. 
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narv  forms  of  altered  feldspars— (hat  is  to  say,  kaolin _ 

lull  where,  on  the  oilier  hand,  pyrite  furnishes  sulphurir 
acid,  crystalline  alunite. 

Lindgren  6  nnd  others  have  described  the 
occurrence  of  ulanite  formed  by  the  action  of 
solutions  that  contained  sulphuric  acid,  which 
were  derived  from  Oxidizing  sulphides  on 
potassium-aluminum  silicate's. 

In  the  United  States  there  are  numerous 
deposits  of  alunito  which  are  believed  to  have 
been  formed  and  others  that  aro  perhaps  now 
forming  by  the  action  of  hot  sulphurous  waters 
on  potassium-aluminum  rocks.  Largo  bodies 
of  volcanic  rock  so  altered  are  composed  chiefly 
of  quartz,  alunito,  und  pyrite.  The  calcium, 
magnesium,  and  sodium  were  largely  removed 
from  the  original  rock,  but  iron  appears  to  Lave 
been  converted  to  pyrite  at  tho  same  time  tliut 
alunite  was  formed.  In  discussing  the  origin 
of  tho  gold  deposits  at  Goldfield,  Nov.,  Ivan- 
some  3  states 

that  the  ore  constituents  were  brought  up  in  hot  solutions 
charged  with  hydrogen  sulphide,  a  little  carbon  dioxide, 
and  probably  also  with  some  alkali  sulphide*;  that  the 
hydrogen  sulphide  was  oxidized  at  aud  near  the  -uriaco  to 
sulphuric  acid,  which  percolated  down  through  tho  warm 
rocks  to  mingle  with  tho  uprising  currents  carrying  milphv- 
rlric  acid. 

For  the  deposits  near  Murysvale,  Utah,  which 
occur  as  veins  in  effusive  rocks  and  have  been 
developed  for  the  alunite,  Butler  and  Gale  say: 3 

The  evidence  in  the  Marysvate  district,  however,  indi¬ 
cates  that  the  materials  constituting  1  he  veins  wore  depos¬ 
ited  by  ascending  solutions  and  that  these  sol  utiona  brought 
in  the  constituents  of  the  alunite.  At  just  what  stage  tho 
sulphuric  acid  may  have  been  formed  can  not  now  be  posi¬ 
tively  stated,  but  it  seems  most  natural  to  suppose  that  it 
was  a  part  of  the  original  solutions  and  that  the  potassium 
and  aluminum  were  in  part  original  in  the  solution  and  in 
part  dissolved  from  the  walls  of  the  fissure  at  greater  depth. 

The  veins  in  this  district  are  nearly  pure 
alunite,  but  the  altered  wall  rock  is  mainly  alu- 
rite,  quartz,  and  pyrite.  Concerning  aluni- 
lized  rocks  at  Rico  Mountains,  Colo.,  Cross  * 
writes: 

The  alteration  of  the  porphyry  of  Calico  Peak  into  a  rock 
consisting  largely  of  alunite,  a  hydrous  sulphate  of  alumina 
*rd  the  alkalies,  *  *  *  can  be  explained  only  as  the 

nsnut  of  the  attack  of  sulphurous  agents,  and  from  the 
1  vnimsunces  of  occurrence  there  can  bo  no  doubt  that 

1  Undgren,  V.'.iMemiir,  Tho  copper  depcslts  of  tho  Cllfum-Mofgnd 
“Wet,  Arii.:  V.  S.  Cool.  Surrey  i  rof.  roper  Cl,  pp.  119,  MO.  I«S. 

Raasi-mo,  F.  L.,op.  cit.,p.  193. 

,  h -U«f,  n.  S..  nod Gale, H.  S.,  op.  clt., p.  36. 

Crtrs,  Whitman,  and  Spencer,  A.  C. .  Geology  of  H10  Rico  Mountain*, 

■  S. Ceol.  Survey  Twenty-first  Aon.  Ropf.,  pl.2.  pp.  92-94,  WOO. 
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the  action  is  to  be  attributed  to  solfataric  emanations  of 
the  Rico  eruptive  center  in  the  period  of  waning  igneous 
activity. 

Larscu  1  has  described  several  areas  of  itluni- 
t-izecl  rock  in  Colorado.  Tho  nltored  rocks  con¬ 
sist  essentially  of  quartz,  alunite,  and  pyrite, 
otic  analysis  giving  quartz,  69  per  cent;  alunite, 
29  per  cent;  and  pyrite,  2  per  cent.  Concerning 
tho  genesis  of  these  deposits  Larsen  writes: 

The  evidence  suggests  hot  ascending  solutions  as  the 
causoof  theahmitization.  The  field  relations  pointstrong- 
ly  to  doep-seated  hot  sulphuric  acid  solutions  without  the 
aid  of  surface  agents.  However,  in  view  of  the  fact  that 
geologists  do  not  generally  admit  the  presence  of  such  solu¬ 
tions,  the  evidence  in  the  present  case  is  not  sufficient  to 
justify  tho  assumption  of  such  a  source  for  the  al unitization 
in  the  San  Cristobal  quadrangle,  The  alternative  source 
is  the  mingling  of  hot  ascending  solutions  or  gases  currying 
H3S  and  of  surface  oxidizing  waters. 

Clapp 0  regards  the  deposit  of  Kynquot 
Sound,  British  Columbia,  as  formed  by  “hot 
ascending  solutions  of  volcanic  origin  and  that 
at  least  these  solutions  musing  nlunitizntion 
curried  free  sulphuric  arid.” 

A.  L.  Day  and  E.  T.  Allen  have  studied  the 
hot  springs  of  Mount  Lnssen,  Calif.,  where  alu¬ 
nite  and  pyrite  are  being  deposited  in  the  acid 
waters  of  tho  springs.7 

Descriptions  of  occurrences  of  alunito  could 
be  multiplied  but  tho  above  seem  sufficient  to 
give  the  general  modes  of  occurrence. 

Hinsdalite. — Hinsdnlite  (2Pb0.3AL0J.2S0s.- 
PjOj.CH-,0)  from  the  Golden  Fleece  mine,  near 
Lake  City,  Colo.,  bus  been  described  by  Larsen  8 
and  by  Irving  and  Bancroft.9  It  is  a  primary 
mineral  in  a  vein  in  volcanic  rocks  associated 
with  pyrite,  tetruhedrite,  galena,  pyrurgyrito, 
quartz,  rhodochrosite,  and  barite.  Burito  is 
abundant  also  in  neighboring  deposits.  Tho 
deposits  are  regarded  by  Irving  und  Bancroft  as 
forming  at  shallow  to  moderate  depth. 

Creedite. — Larsen  l0doscribescreedite  (C^SO,.- 
2CaFJ.2 Al(F,OH)  3,2H;0)  as  occurring  with 
barite  and  fluorite  in  a  vein  in  Tertiary  lavas 
near  Wagon  Wheel  Gap,  Colo.  Larson  does 

1  r.arwn,  K.  Alunito  In  tho  San  Cristobal  quadrangle,  Colo.:  lf.  S. 
Gcol.  Surrey  Dull.  iW.  pp.  ITB-IS,  ISIS. 

•  Clapp,  C.  H..  Alunito  und  pyrophylllto  In  Triable  and  Jurassic  vol¬ 
canic*  Kyitquot  Soind,  British  Columbia:  Econ.  Geology,  vol.  10, pp. 
70-88, 1915. 

i  Allan,  F..  T.,  personal  communication. 

•  Larsen.  F-.  8.,  and  Sohalter,  \V.  T.,  Hinsdolllo,  a  new  mineral:  Am. 
Jour.  Sd.,  4th  see.,  vol.  32,  pp.  2S1-27J,  1911. 

•  Imnjr,  J.  D.,  and  Dancrolt,  Hmvland,  Geology  and  oro  deposit*  neur 
lake  City.  Colo.  :  U.  S.  Gcol.  Sarv  ty  DuU.  478,  pp.  34-55.  toll. 

)«  Larsen.  E.  S., and  Wells,  R.C.,Some  mincriMfrwn  thonuorllc-b.irila 
vein  near  Wagon  Wheel  Gap,  Colo.:  Nat.  Acid.  ScL  Rroo.,  vol.  i ,  pp. 
362-361, 1916. 
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rot  state  whether  he  regards  it  as  ft  primary  or 
secondary  mineral  in  tho  vein. 

ritawmasiU’.—' The  unusual  mineral  tlmu- 
masite  (3Ca0.Si0;..S0,.C0,l5H;0)  occura  in 
veins  winch  cutoontart-ultercd  limestone  m  the 
Old  Hickory  mine,  Beaver  County,  Utah.'  It 
is  regarded  ns  forming  under  conditions 
similinr  to  those  favorable  to  the  formation 
of  zeolites.  The  best  known  localities  of  this 
mineral  in  the  Tinted  States  are  at  West 
Paterson  and  other  places  in  New  Jersey,  whore 
it  occurs  in  trap  associated  with  zeolites. 

Will-rite. — Wilkeite  s  (3Cfts(PA)  .3Ca,SiOr 
3CnSOl.CaCOi.OiiO)  occurs  in  contact-altered 
limestone  associated  with  wollustonite  and 
garnet  near  Riverside,  Calif. 

Sat  polite.. — Sea  oolites  occur  11s  products  of 
contact  metamorphism  and  as  alteration  pro¬ 
ducts  of  igneous  rocks.  Sortie  of  the  sea  oolites 
contain  the  sulphate  molecule.3 

Svnnbcrffite.  — Svoubergi  te  is  apparently  a 
rather  rare  primary  mineral  in  ere  deposits.* 

CHARACTER  Of’  ORE  SOLUTIONS  AS  INDICATED  BY  VOL¬ 
CANIC  EMANATIONS. 

Tho  data  concerning  tho  composition  of 
volcanic  emanations  have  been  summarized  by 
many  writers.  A  rather  complete  outline  with 
bibliography  bus  been  prepared  by  Clarke5 
who  briefly  summarizes  tho  results  as  follows : 

That  the  volcanic  gases  appear  in  a  certain  regular 
order  has  been  shown  by  the  various  researches  tipnn 
their  composition,  and  especially  by  tho  labors  of  Devi  lie 
and  Leblanc.  What,  now,  in  thelightofalltheevidence, 
is  that  order,  and  what  do  tho  chemical  changes  mean? 

First.  The  gases  issue  from  an  active  crater  at  so 
high  a  temperature  that  they  are  practically  dry.  They 
contain  superheated  steam,  hydrogen,  carbon  monoxide, 
methane,  the  vapor  of  metallic  chlorides,  and  other  sub¬ 
stances  of  minor  importance.  Oxygeu  may  he  present  in 
them,  with  some  nitrogen,  argon,  sulphur  vapor,  and  gas¬ 
eous  compounds  of  fluorine. 

Second.  The  hydrogen  burns  to  form  more,  water 
vapor,  and  the  carbon  gases  oxidizo  to  carbon  dioxide. 
From  tho  sulphur,  Bulphur  dioxide  is  produced.  The 
a  team  reacts  upon  a  part  of  the  metallic  chlorides,  gener- 

;  bottler,  n.  S,,  Geatogy  w*i  era  depots  of  tl),-  S„n  Fraurioo  and 
adjacent  district*.  Utah:  C.  8.  U  »i.  8nn  «y  Trot.  Capuc-So,  p.  101,  mi:- 

-  ItiUe,  A.S.,  nod  Rogtn,  A.F.,  WlJXolte.ancivrnlniinU  of  the  apatite 
Kroop,  noil  (A  i  nile.  It*  uttvrntl'*)  product  from  aouthero  California:  Am 
Jour.  Sri.,4th  s;r.  vol.  37.  p.  262,  mi  l. 

*  nergitrOni,  L.  It.,  IUo  E  kr>  poll  Ullage/ s  I  Ado  van  Lanrtakart:  Coin 
gwil.  Finland,  nnU.  4! ,  p.  2J  J»I3. 

Ilr.ums,  It.,  Fkapolithitlbrendo  AturtQrlllngo  ou>  item  readier 
Sclgeblct:  Noies  J oiirb  ,  Deflate  I'.ntid  SO,  p.  1  to,  IM  t. 

•  Lacroix,  A.,  PyrUlfcnmi  dopwlts  at  ihc  eomoct  ot  grand  a  at  chc- 

wnll,  8ooor-.il- t.olrc,  runt  its  inclaniorphlo  rook*;  g,x  lr,,v  min 
Boll.4l.pp.U-21,  IBIS.  -rang.  min. 

rctortn,  F  W  The d:\ta  ot g.  ocheinistry,  3tl  cil . ;  f .  S.  Clcol.  Rurvov 

Bull.  *1#  pp.  WO-290, 1016.  ' 


ales  hydrochloric  acid,  and  so  acid  furaarnlc*  make  tl:<*ir 
appearance. 

Third.  The  acid  gases  of  the  second  phase  force  Ihdr 
"'ay  through  crevices  in  the  lava  and  tho  adjacent  rocks, 
and  their  acid  contents  arc  consumed  >n  effecting  various 
PHeuinatolytic  reswtiona,  Tho  rocks  ere  corroded,  and 
whore  sulphides  occur  hydrogen  sulphide  is  set  free.  If 
carbonate  rocks  are  encountered,  earijon  dioxide  is  alw 
liberated.  , 

Fourth,  Ouly  steam  with  some  carbon  dioxide  remains, 
and  oven  the  lat  ter  compound  soon.  dLsappeurs. 

Thi.i  scorns  to  be  the  general  cour-c  of  events,  although  it 
ia  modified  in  details  by  local  peculiarities.  All  of  the 
substances  enumerated  in  the  lists  of  gases  and  subl  images 
given  in  tho  earlier  portions  of  this  chapter  may  take  part 
in  the  reactions,  and  they  do  not  seriously  affect  the  larger 
processes  wliich  have  just  been  described.  The  order  L 
eaten tiftlly  laid  down  by  Dexulle  and  Leblanc,  except 
that,  the  early  evolution  of  hydrogen  and  carlxmic  oxide 
is  taken  into  account.  The  current,  oi  events  may  bo  dis- 
turbo.i,  so  to  speak,  by  ripples  and  eddies — that  im,  by 
subsidiary  and  reversed  reactions— out  its  main  cnuisc 
acenis  to  be  clearly  indicated.4 

Marker  7  states : 

Different  types  of  soliataric  action  might  be  distin¬ 
guished,  and  these  arc  in  some  degree  characteristic  oi 
different  kinds  of  lavas.  But  it  is  also  to  be  remarked 
that  different  volatile  constituents  may  figure  prominently 
at  a  pi  veil  volcanic  center  at  different  stages  in  decline  of 
activity.  This  is  in  part  a  matter  of  direct,  observation 
for  it  has  frequently  been  remarked  that  only  the  hottest 
fumaroles  emit  hydrochloric  and  hydrofluoric  acids,  while 
sulphurous  and  hydrosulphuric  acids  are  connected  with 
lower  temperatures  of  emission,  and  water  and  carbonic 
acid  with  the  lowest  temperatures.  Some  indications  of 
a  like. sequence  havealready  been  noted  in  pneumatolysis 
under  plutonic  conditions. 

The  volcanic  emanations  contain  carbon, 
hydrogen,  sulphur,  oxygen,  nitrogen,  and  minor 
constituents  such  as  chlorine,  fluorine,  and 
metals  in  varying  proportions  and  combina¬ 
tions  dopemiing  probably  both  on  the  original 
character  and  the  temperature  of  the  gases. 
Day  and  Shepherd  8  collected  gases  from 
Ivilaueft  with  great  care  to  avoid  contami¬ 
nation  with  air,  and  state  that  the  absence  of 
argon  “affords  a  most  desirable  confirmation 
of  our  belief  that  the  volcano  gases  were  suc¬ 
cessfully  collected  before  they  had  come  in 
contact  with  atmospheric  air  at  all  nnd  Were 

•  For  a  summary  of  our  knowledge  concerning  tho  iDAgnuUie  P-- 
provinuft  to  tho  work  of  llrtm  r.nd  Chamberlin,  sro  L  locate,  F.C.,tr-v. 
Geology,  vol.  2,  p.  2SS,  1807.  Lincoln  gives  a  good  table  ofaoelyws  slid 
proptc.'s  a  cln-.in -i.'lon  of  tho  volcanic  exhalation*.  Far  a  Ihwxitla) 
discussion  relative  to  *'gns  mlnorallnsv  '*  In  ni agin  us  sro  Klgrll,  P 
2«Hnctir.  onorg.  Cbornlc,  vol.  7.1,  p.  Hit.  1012,  and  vol.  77,  p.  321  :9li 
Also  '  ctitralbL  Mlnenlogic,  1012,  p.  aai  and  Cool.  KundsAut,  Vr>| 
p.472, 1912. 

i  Hark,*,  Alfred,  Tbenutura;  hi-nxy  of Igncmairoeta,  P.3’17,  Msth  *; 

&  Co.,  T  .oil  doll,  1-JlO, 

*  Day,  A.  L..  and  Shephard,  E.  S.,  W'.vlcr urid  volcanic acUrlty:  Ctrl. 
Sac.  America  Bull.,  vol.  21.  p.  5M,  1913. 
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therefore  entirely  uncontuminnted  either  by 
reuction  or  admixture  with  it."  These  gases 
were  analyzed  with  the  following  results: 

('ompotition  of  gaxn  from  ITalemnmnau  (Kiimua'i.  Hawaii 
May,  Jilt, 
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Those  gases  eontainod  abundant  water  and 
before  cooling  more  sulphur  dioxide  than  is 
shown  in  the  analysis.  The  authors  say: 

The  S03,  for  example,  lias  gone  over  in  part  or  al'o- 
gethcr  fn  SOg  ami  gone  iulo  sohiMon,  and  only  two  of  tho 
five  tubes  analyzed  now  show  SO,  as  sur-h.  M oreover, 
then-suiting  acid  solution*  may  havo  reacted  to  a  limited 
extent  oa  the  glass  tube  nnd  accordingly  ho  responsible 
for  all  or  n  part  of  the  alkalies,  lime,  and  alumina  shown 
in  the  analyses  of  water. 

The  writer  understands  that  the  authors 
cited  do  not  suppose  that  any  sulphuric  acid 
was  formed  from  original  constituents  on  the 
cooling  of  the  gases. 

The.  nnalyses  of  the  materials  contained  in 
tlio  water  are  given  in  the  following  table: 

d»«?yscj  of  material  contained  in  the  water  collected  in  the 
lulu  of  gams  from  JlnUmaumau,  Hawaii. 
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Ihe  analyses  recorded  in  tho  literature  indi¬ 
cate  that  sulphur  is  present  in  different  volcanic 
emanations  as  II,S,  SO,,  S03,  and  as  sulphur 
VilPor,  and  many  of  the  analyses  show  free 

oxygon. 

conditions  oy  formation  ok  sulphur  trioxide. 

It  is  obvious  that  the  first  step  in  tho  deposi- 
hon  °f  the  sulphato  nunoraia  is  the  formation 
nf  the  sulphate  riuliele.  and  the  conditions 
'aider  which  this  radicle  forms  are  thcreforo  ot 


interest.  1  lie  conunercial  importanco  of  sul¬ 
phuric  acid  has  led  to  careful  investigation  of 
the  modes  of  formation  of  sulphur  trio.xide. 
Much  information  on  tliis  subject  has  been 
brought  together  bv  Lunge.1 

Sulphuric,  acid  can  be  formed  in  many  ways, 
but  one  way  in  which  it  may  be  formed  in 
igneous  emanations  is  that  known  as  tho  con¬ 
tact  process.  This  process  consists  essentially 
in  bringing  about  tho  combination  of  sulphur 
dioxide  and  oxygen  by  tho  aid  of  a  eatidyzer. 
Knietsch,  as  stated  by  Lunge, 3  has  shown  the 
reaction  at  different  temperatures  at  atmos¬ 
pheric  pressure.  Lunge  3  says: 

Tlie  most  im|>orlant  remit  of  Knietseh’s  experiments 
wa.i  that  a  line  of  stable  equilibria  exists  which  divides  the 
range  of  temperature  into  two  pane  [with  the  catalyzers 
used].  The  range  below  200°  and  aiiove  900'  or  I,OCO° 
may  bo  called  devoid  of  reaction  in  a  technical  sense;  be¬ 
tween  200°  and  4’i9°  the  reaction  nf  format  inn  prevails; 
above  450°  the  dissociation  of  SO,,  comes  into  play  very 
rapidly. 

It  is  apparent  that  tho  range  of  temperature 
in  which  sulphur  trioxido  forms  at  all  rapidly 
and  is  stable  under  atmospheric  pressure  and 
in  a  system  containing  only  sulphur  and  oxygen 
is  not  largo. 

In  tho  manufacture  of  sulphuric  acid  the 
catalyzer  commonly  employed  is  platinum,  but 
ferric  oxide  and  many  other  substances  act  as 
catalyzers,  so  that  many  catalyzers  may  be 
present  in  mineral  veins. 

Another  method  of  producing  sulphuric  acid, 
which  is  employed  at  the  plant  of  the  New'  Cor¬ 
nelia  Copper  Co.  at  Ajo,  Ariz.,  should  bo  men¬ 
tioned  here.  In  tho  treatment  of  copper  ores 
the  copper  is  1  cached  by  sulphuric,  acid  and 
electrolytically  precipitated.  For  successful 
precipitation  it  is  necessary  to  keep  tho  ferric 
iron  of  tho  solutions  low.  When  the  solutions 
become  polluted  with  ferric  sulphato,  thntsub- 
stanco  is  reduced  to  ferrous  sulphate  by  spray- 
in^  tho  solution  throngh  a  chamber  containing 
sulphur  dioxide.* 

The  gus  is  cooled  from  600°  to  1.50°  F.  in 
passing  tlirough  tho  chamber,  Tho  ferric  iron 
in  tho  solution  is  practically  nil  reduced,  ac¬ 
cording  to  tho  following  reaction:* 

FojfSOjj-f  SO,  +211,0  =  2  FeSO,  +21LSO, 

i  Lun£i«,  George,  Thv  manufacture  ot  sulphuric  add  luvi  alkali,  3  voli.. 
Now  York,  D  Van  Nodranrl  Co.,  1913. 

i Lunxi*.  Cloor,-*,  op.  c.'t.,  p.  1307. 

Udcui.  p.  mi. 

•  Tibloinaiin,  O  A.,  and  rotter,  t.  A.,  First  year  of  leaching  by  Cm 
Now  Cornelia  Copper  Co.:  Am.  In*t.  Min.  Km:  hull.  Hfl,  p.  475, 1919, 

•  Idem,  p.  47S. 
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formation  or  su u'H r kic  acid  if  nature. 

The  possible  conditions  under  which  sul¬ 
phuric  acid  is  formed  in  nuturo  have  been 
considered  in  detail  by  Ransome.1  In  dis¬ 
cussing  the  origin  of  the  ore  deposits  o. 
Goldfield,  Nov.,  Ransome  considers  three  hy¬ 
potheses— first,  ‘'the  direct  volcanic  hypoth¬ 
esis,”  which  postulates  that  the  solutions 
come  from  deep-seated  sources  charged  with 
sulphuric  acid,  a  hypothesis  supported  by 
the  presence  of  the  sulphate-bearing  minerals 
haiiyuito  and  noselite  ns  original  constit^ 
uents  of  volcanic,  rocks  und  the  presence  of 
hnrite  and  coles ti to  in  mineral  deposits  that 
arc  generally  believed  to  have  been  formed 
independently  of  surface  agencies;  second, 
■‘the  hypothesis  of  the  derivation  of  sulphuric 
acid  from  the  oxidation  of  pyrite,”  a  process 
so  well  known  as  to  require  no  discussion; 
tlurd,  “the  hypothesis  of  simultaneous  sol- 
fatarism  and  oxidation,”  which  postulates 
tho  rising  of  solutions  containing  hydrogen 
sulphide  to  or  nearly  to  the  surface,  their 
oxidation  to  sulphuric  acid  by  atmospheric 
oxygen,  and  tho  descent  of  the  acid  solutions 
thus  formed  into  the  veins  again,  where  they 
react  with  the  ascending  solutions  and  cause 
the  precipitation  of  metals,  sulphides,  etc. 

formation'  ok  rniVAnr  sulphate  minerals, 

In  considering  tho  formation  of  the  pri¬ 
mary  sulphuto  minerals,  it  must  of  course  be 
recognized  that  sulphates,  either  as  minerals 
or  in  solution,  are  prevalent  at  the  surface 
and  that,  if  waters  from  tho  surface  have  had 
a  largo  port  in  tho  formation  of  a  mineral  de¬ 
posit,  the  insoluble  sulphates  would  most 
naturally  be  formed.  On  the  other  hand, 
sulphates  are  often  found  where  there  is 
good  reason  to  believe  that  surface  Waters 
were  not  involved  in  their  formation,  and  we 
may  inquire  whether  sulphates  can  form 
without  the  aid  of  surface  agencies.  First 
let  us  see  what  consequences  follow  the  as¬ 
sumption  that  free  oxygen  is  present  in  a 
given  magmatic,  emanation,  even  though 
many  investigators  regard  tho  presence  of 
free  oxygen  in  a  magma  as  improbable. 
With  such  an  emanation  the  formation  of 
sulphur  trioxide  would  not  only  be  possible 
but  under  certain  conditions  would  be  in- 

‘Rmowura,  F.  L.,  Th«  gwlocjr  ami  urn  depart'*  ot  Coldfield,  \Tcv.: 
U.  S.  (Tool.  Survey  Prof.  Paper  60,  pp.  JSMM,  PJ09. 


evitable.  For  instance,  a  gas  that  contained 
only  sulphur  or  sulphur  dioxide  and  free 
oxygen  at  1,000°  or  higher  temperatures 
Would,  on  cooling,  puss  through  tho  interval 
favorable  to  tho  formation  of  sulphur  tri¬ 
oxide,  and  that  compound  would  form.  At 
the  higher  temperatures,  at  which  sulphur 
trioxide  is  unstable,  it  would  be  in  low  con¬ 
centration,  and  the  formation  and  precipita¬ 
tion  of  abundant  sulphates  would  not  he  ex¬ 
pected,  but  when  temperatures  favorablo  to 
formation  and  stability  wore  reached  a  high 
concentration  might  result  and  there  would 
be  a  proportionate  tendency  to  the  formation 
of  sulphates.  It  is  natural  to  suppose  that 
barium  present  in  tho  form  of  the  more 
soluble  compounds  would  be  the  first  sub¬ 
stance  to  be  precipitated  as  sulphate  on  ac¬ 
count  of  tho  very  slight  solubility  of  barite 
in  ore  solutions,  as  indicated  by  its  common 
occurrence.  The  sumo  reasoning  applies  to 
some  extent  to  the  formation  of  anhydrite 
(CaSO,)  at  high  temperature  and  probably 
also  to  tho  formation  of  eclestite.  Barite  is 
by  far  the  most  insoluble  of  the  sulphates  in 
pure  water,  aud  apparently  also  in  mineral¬ 
izing  solutions,  and,  if  it  were  not  for  this 
mineral,  there  would  be  little  trace  of  sul¬ 
phates  as  primary  minerals  except  where 
neai^surfoce  conditions  are  reached.  Such  a 
development  of  sulphate  would  seem  to  be  a 
more  natural  method  for  tho  formation  of 
anhydrite,  for  example,  than  that  suggested 
for  the  deposits  of  tho  Cactus  mine,  Utah, 
which  did  not  account  for  the  formation  of 
tho  sulphate  radicle.  If  the  sulphate  radicle 
actually  forms  in  the  cooling  solution,  :t  is 
easy  to  postidato  a  moderate  supply  of 
calcium  from  tho  alteration  of  the  monzoaite 
walls  of  the  fissure,  from  which  it  is  known 
thut  much  calcium  has  been  removed.  It  is 
possible  that  under  favorable  conditions  the 
sulphate  radicle  may  form  to  an  extent  that 
would  result  in  a  solution  containing  sulphu¬ 
ric  acid,  which  in  rocks  high  in  alkali  and 
aluminum  would  at  favorable  temperature 
give  the  conditions  for  the  formation  of 
olunite.  As  Ransome  has  pointed  out,  it  is 
notablo  that  solutions  which  form  alunile 
apparently  are  not  good  carriers  of  metal. 
The  Goldfield  deposits  are  a  distinct  excep¬ 
tion  in  their  association  with  metallic  sul¬ 
phides,  although  cinnabar  is  associated  with 
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alunito  iu  deposits  east  of  Beatty,  Xcv., 
which  have  been  described  by  Knopf.  ’  The 
cinnabar  occurs  in  silicLSed  and  alunitized 
rhyolite.  In  the  great  alunitized  arena  there 
does  not  appear  to  have  been  extensive 
removal  of  iron,  much  of  which,  whether 
originally  present  as  oxide  or  in  silicates, 
seems  to  havo  been  altered  to  pyrite  and  re¬ 
mained.  Morever,  the  alunito  in  the  vein  is 
remarkably  free  from  other  minerals.  When 
sulphur  tvioxide  hud  developed  in  the  cooling 
solution  to  the  extent  of  yielding  sulphuric 
acid  the  solution  probubly  ceased  to  be  a 
carrier  of  most  of  the  metals,3  and  the  forma¬ 
tion  of  sulphur  trioxide  may  possibly  be  a 
factor  in  the  precipitation  of  the  metals. 

The  behavior  of  smelter  gases  gives  some 
indication  of  the  temperature  at  which  cer¬ 
tain  sulphates  will  form  abundantly  under 
given  conditions.  Fulton3  says; 

The  smoke  stream  also  carries  water  vapor,  ihe  origin 
oi  which  is  the  moisture  in  the  ore  charges  fed  to  the  fur¬ 
naces.  As  long  as  the  smoke  stream  has  ft  temperature 
ahove  -i-tO°  C.,  no  combination  of  sulphur  trioxide  with 
water  vapor  to  form  .sulphuric  acid  is  possible, but  as  the 
temperature  falls  iu  (bo  flues  as  the  stack  is  approached, 
sulphuric  acid  vapor  forms  by  the  combination  of  water 
vapor  and  sulphur  trioxide  vapor,  until  at  about  AST*  0. 
one-half  of  thosulphur  trioxide  present  in  the  smokesl  ream 
i*  in  tire  form  of  sulphuric  ncid  vapor.  At  ordinary  ut- 
E.  spheric  pre.vTJic  (7C0  millimoiers)  sulphuric  acid,  or  rath- 
era  mixture  oi  98.54  per  cent  of  sulphuric  acid  and  l.!G  per 
cent  of  water,  has  a  boiling  point  of  338°  C.  From  this 
it  follows  that  above  338°  C.  all  sulphuric  acid  present 
must  he  in  a  vapor  form  or  dissociated,  but  that  below  this 
temperature  it  may  be  present  iu  the  smoke  stream  in  the 
liquid  form  an  a  flue  mist  or  small  liquid  particles.  *  *  * 

When  theorechargeamelted  or  roasted  eoutains  ft  consider¬ 
able  procentagc  of  volatile  metals,  such  as  lead,  zinc,  and 
cadmium,  these  partly  pass  to  the  fume  and,  under  oxidiz¬ 
ing  conditions,  form  oxides.  Tho  fine  fmne  particles 
combine  readily  with  the  sulphuric  acid  formed,  giving 
rise  to  sulphates  and  the  consequent  neutralization  of  the 
acid.  The  neutralization  or  the  formation  of  sulphates 
probably  does  not  readily  take  place  until  temperatures 
hdow  200°  0.  ore  reached,  meaning  practically  that  be¬ 
fore  sulphates  are  formed  the  sulphuric  acid  must  be  be¬ 
ta'5'  its  condensation  point. 

There  seems  little  doubt  that  some  sulphates 
'rill  form  at  temperatures  abovo  200°. 

Certain  theoretical  considerations  and  facts 
of  observation  support  to  some  degree  tho 
method  of  formation  of  sulphates  here  sug- 

•Kcopf,  Adolph,  Somo  cinnabar  deposits  iu  western  Nevada: 
C.  a.  Cool.  Survey  Bull.  620,  p.  64,  1916. 

Rsnsomo  (op.  clt.,  p.  lift)  b»i  crisis  sulphuric  acid  os  a  precipitant. 

C.  H.,  Metallurgical  smnko:  Bur.  Mines  Bull.  M,  Pf*  '£>•%>> 


gested.  Sulphates  would  not  be  expected  in 
deep-seated  rocks,  and  apparently  they  are 
absent.  They  might  form  in  low-temperature 
magmas,  but  their  abundant  formation  in 
such  magmas  would  not  be  expected,  aud  this 
seems  to  agree  with  observations.  On  the 
cooling  of  certain  mixtures  of  gases,  tho  for¬ 
mation  of  sulphur  trioxide  would  be  expected, 
and  under  certain  conditions  the  formation  of 
sulphates,  and  tliis  seems  to  accord  with  tho 
facts  of  observation. 

The  fact  must  not  bo  overlooked,  however, 
that  the  sulphates  under  discussion  are  associ¬ 
ated  with  sulphides  and  were  apparently  de¬ 
posited  at  the  same  time.  Tho  method  would 
appear  to  make  it  necessary  to  suppose  that 
sulphides  were  deposited  in  the  presence  of 
free  oxygen. 

Wo  may  next  ussnme  that  free  oxygen  does 
not  occur  iu  the  assumed  magmatic  emanation 
and  see  if  there  is  an  available  supply  of  com¬ 
bined  oxygen  for  oxidation  of  sulphur  to  form 
sulphuric  compounds.  There  seems  ample 
evidence  to  indicate  that  the  oxygon  present 
in  tho  magma  and  in  tho  surrounding  miner¬ 
alized  zone  is  not  sufficient  to  insure  that  all 
the  elements  will  bo  in  their  liighest  stnto  of 
oxidation.  It  is  sufficient,  however,  to  insure 
that  much  of  tho  iron  in  igneous  rocks  may  be 
present  as  ferric  compounds,  notably  magnetite 
and  hematite.  In  fact,  ferric  iron  is  an  impor¬ 
tant  constituent  of  most  igneous  rocks,  and  in 
tho  contact  deposits  and  veins  formed  at  high 
temperatures  ferric  iron  is  abundant  in  the 
minerals  magnetite,  hematite,  garnet  (andra- 
dite),  and  other  ferric  compounds. 

In  deposits  formed  at  lower  temperature 
ferric  minerals  are  far  less  abundant  uud  may 
be  entirely  absent,  the  iron  present  being  in 
ferrous  minerals  or  in  sulphides  and  allied 
compounds.  Of  veins  formed  nt  intermediate 
temporaturo  Lindgren*  says; 

.Scarcely  ever  do  we  find  tho  oxides,  such  as  magnetite, 
specularite,  and  iluionito.  The  predominating  gungue 
mineral  is  quart/.,  but  carbonates  are  also  common,  such 
aa  ctilcite,  dolomite,  and  ankc-rite,  more  rarely  eiderite; 
fluorite  and  barite  are  occasionally  of  importance. 

In  veins  that  contain  abundant  sulphates 
tho  ferric  minerals  seem  to  be  at  least  unusual, 
though  ferrous  minerals — siderite  or  ankerito 
or  manganous  minorals — as  rhodochrosito  or 
rhodonite  may  be  abundant.  Thus  in  the 

i  J  jiKtgrvn,  Walilcmar,  Miucril  depcoits,  p.  41 1,  New  '  oris.  IBM. 
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C’oeur  d’Alene  district,  Idaho,  Ransomc  '  found  In  the  contact  zone  and  tho  deep-vein  zone 
that  mamietite  with  gurnet  i»  conlined  largely  the  higher  oxide  of  iron  continues  to  be  stable, 
to  tho  “contact”  tvpc  of  deposits.  In  most  and  ferric  minerals  as  oxido  and  silicate  are 
of  tho  veins  of  the  district  ferric  minerals  uro  abundantly  deposited.  Sulphur  combines  with 
absent  though  siderite  is  abundant.  Barite  j  the  metals  to  form  sulphides,  hut  the  sulphides 
is  Wally  abundant.  ore  in  largo  part  later  than  tho  ferric  oxides 

Spencer2  recognizes  a  transition  in  (he  so-  and  silicates.  The  sulphato  radicle  is  rarely 
(  idled  “contact”  deposits  of  the  Simla  Rita  dis-  present  and  only  in  silicate  minerals.  As  no 
Irict  New  Mexico,  from  a  zone  near  the  intru-  insoluble  sulphites  are  formed  there  is  no 
sive  rock  characterized  by  garnet  (andrudifo)  record  ns  to  the  prcsenco  or  absence  of  the 
to  one  characterized  by  manganiferous  siderite  sulphite  radicle  in  the  solutions  that  formed 
and  hederiborgite --that  is,  an  inner  zone  tho  contact  minerals.  In  veins  formed  at 
where  ferric  iron  predominates  and  on  outer  intermediate  and  low  temperatures  ferric  min- 
zono  where  ferrous  iron  predominates.  No  crals  are  very  scarce  or  absent,  whereas  fer- 
sulphatcs  aro  recognized  in  these  zones.  Pri-  rnus  minerals  in  some  deposits  arc  abundant, 
mory  ferrous  and  manganous  minerals  in  abun-  Sulphides  aro  abundant.,  and  tho  presence  of 
dance  aro  associated  with  some  of  tho  largo  ore  barite,  which  is  by  fur  tho  most  insoluble  of 
deposits  that  urc  believed  to  have  formed  at  the  sulphates,  indicates  that  sulphates  prob- 
interniediate  temperatures,  such  os  those  of  ably  formed  relatively  abundantly,  but  for  the 
Loadville,  Gilpin  County,  Rico,  Lake  City,  most  part  were  carried  away  in  solution, 
and  Creedo,  Colo.,  Butte  arid  I’hilipsburg,  This  change  from  ferric  to  ferrous  minerals, 
Mont.,  and  many  others.  Barito  is  present  together  with  the  appearance  of  sulphate  min- 
in  some  of  the  deposits,  hut  it  has  not  been  orals  associated  with  the  ferrous  minerals, 
reported  from  others.  It  is  abundant  in  some  may  be  interpreted  ns  indicating  that  at  the 
deposits,  as  those  of  tho  Tintic  district,  I  tub,1  higher  temperatures  the  conditions  were  fuvor- 
whero  ferrous  and  manganous  minerals  are  not  Able  to  the  oxidation  of  iron  and  tho  reduction 
abundant,  though  iron  sulphide  is  plentiful,  of  sulphur,  whereas  at  tho  lower  temperatures 
The  Cactus  mine,  Utah,4  appears  to  offer  a  the  conditions  were  favorable  to  the  reduction 
good  example  of  the  relation  of  ferric,  ferrous,  of  ferric  compounds  and  the  oxidation  of  tho 
and  sulphate  minerals.  In  that  deposit  hema-  sulphur.  This  interpretation  agrees  with  the 
tite  was  abundantly  formed.  After  its  deposi-  experimental  data  so  far  as  the  oxidation  of 
lion  had  ceased  siderite,  anhydrite,  and  barite  sulphur  dioxide  and  the  reduction  of  ferric 


were  deposited.  (Soo  fig.  55.)  Pyrito  and 
and  chalcopyrite  were  deposited  throughout 
tho  period. 

From  a  consideration  of  igneous  rocks  and 
different  types  of  ore  deposits,  it  would  appear 
that  ferric  non  is  common  and  ferric  minerals 
form  in  nearly  all  magmas  and  their  emana¬ 
tions.  Sulphur,  on  tho  other  hand,  docs  not 
tend  to  form  combinations  that  crystallize 
from  magmas.  Under  some  conditions  sul¬ 
phur  combines  with  the  metals  os  sulphides 
in  magmas  and  may  form  largo  deposits  or  it 
may  bo  oxidized  to  sulphato,  which  may  then 
produce  complex  silicate-sulphate  minerals. 

I  Hniuomo,  K.  L.,  Geology  nml  ora  dcpr.iila  of  tt«  (.Y-ur  d'AIv"®  iis- 
Iricl,  Idaho:  l\  8,  Cool.  Survey  Prof.  Pupi-r  pj,  p.  <»l  1904. 

;  Sp  jr  or,  A.  C.,  p-'.p.  iKil  communication. 

•  l.todkTtn,  Waldi-mar,  „ n<i  L^ughli: 1 ,  O  P.,C.eak>gy  and  o»e  d*!*’*11* 
of  tho  Italic  diJiricl,  Irak:  l  8.  <irel.  6urwy  I’mf.  p«prr  |i(T, 1>  *53, 
1910. 

«  Butler,  D.  8.,  Coology  and  ore  of  tho  Rim  Francisco  and 

1  idjua-nt  districts,  Ctah:  V.  8.  Gaul.  Sunry  Prof.  Paper  Srt,  p.  121, 1913. 


compounds  aro  concerned.  Possibly  this  re¬ 
duction  of  tho  ferric  compounds  takes  place 
to  sonic  extent  eveu  after  tho  ferric  minerals 
have  been  deposited  from  the  ore-bearing  solu¬ 
tions.  Tho  hematite  in  the  Cactus  mice, 
which  has  already  been  mentioned,  is  distinctly 
magnetic  and  may  have  become  so  by  the 
partial  reduction  of  ferric  oxide  when  sulphur 
or  its  compounds  were  oxidized  to  sulphuric 
compounds.  This  record  of  the  ores,  then, 
reveals  one  possible  source  of  oxygen  to  form 
sulphates  apart  from  free  oxygen  iu  magmatic 
emanation.  If  a  large  port  of  the  iron  in  the 
magma  is  in  ferric  and  ferrous  oxide,  the 
combination  of  part  of  the  iron  with  sulphur 
to  form  pyrito  would  greatly  reduce  the  amount 
of  sulphur  and  at  the  snmo  time  would  furnish 
oxygen  to  oxidize  the  excess  of  sulphur.  It 
has  already  been  pointed  out  that  tho  iron 
in  the  wall  rock  of  many  veins  as  ferrous  and 
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ferric  oxide  has  combined,  in  part  at  least, 
with  sulphur  and  thus  freed  the  oxygon  to  go 
into  some  other  combination. 

The  deposits  of  native  copper  at  Corocoro, 
Bolivia,  are  worthy  of  note  in  this  connection. 
The  deposits  are  in  n  series  of  red  sediments. 
The  ore  solutions  have  apparently  reduced  the 
ferric  iron  in  the  beds  containing  the  ores,  and 
sulphates  have  been  deposited,  stiller  and 
Singewald  1  say: 

The  mineral  solutions  lhat  circulated  through  the  wo 
bf.U  have  Mcached  them  to  a  white  or  light  green  color, 
but  the  impervious  shales  between  havo  not  been  affected 
by  the  solutions.  Patches  of  red  sandstone  within  the 
oro  boili es  that  have  been  protected  from  the  bleaching 
action  of  the  mineralizers  are  barren  cf  oro.  •  *  *  * 
Gypsum  and,  loss  abundantly,  barite  and  ceSeafilo  occur 
ns  gauge e  mineral*. 

Steimnann,  nccorditig  to  Miller  and  Sirgc- 
wald'-  believes  that 

The  mineralizing  solutions  were  analogous  ta  those 
that  formed  the  other  copper  deposits  of  the  Andes — 
that  is,  characterized  by  tho  presence  of  sulphur  and 
arsenic  la  the  subordination  of  oxygen.  On  coming  in 
contact  with  tho  ferric  oxide  oi  tho  red  beds,  they  re¬ 
duced  it  and  bleached  those  strata,  and  tho  sulphur  was 
oxidized  tc  sulphuric  acid.  On  account  of  the  greater 
affinity  of  sulphuric  acid  for  lime,  magnesium,  and  iron, 
the  sulphates  of  thcao  metals  were  formed  and  copper 
was  ret  free. 

There  u  evidence  that  many  of  the  elements 
in  the  magmas  besides  Iron  were  combined 
with  oxygen  and  that  with  decrease  in  tem¬ 
perature  they  tended  to  combine  with  sul¬ 
phur.  The  remarkable  deposits  at  Franklin 
Furnace,  N.  J,,3  arc  instructive  in  this  connec¬ 
tion.  There  was  probably  a  lack  of  sulphur 
hi  the  emanations  that  formed  the  deposit, 
and  under  those  conditions  manganic  minerals 
were  deposited.  Zinc  was  deposited  abun¬ 
dantly  as  oxide  and  silicate.  In  deposits  con¬ 
taining  sulphides  muriganic  minerals  are  cer¬ 
tainly  rare,  though  manganous  minerals  may 
ho  abundant  and  under  some  conditions 
manganese  sulphide  has  been  deposited. 
Likewise  if  sulphur  is  present  in  the  emana¬ 
tions  the  zinc  oxide  and  silicate  apparently 
uro  Hover  deposited,  but  zinc  at  the  tempera- 
tuic  at  which  it  will  be  deposited  combines 
"hu  the  sulphur. 

1  Ullla,  U,  I..,  ana  SinpownM,  J.  T.,  Tho  miniT.it  deposits  of  South 
'  “j*™*,  P.  32,  Now  York,  McGraw-Hill  Book  Co.,  1319. 

Tt  C.,  17.  s.  Survov  CSool.  Atbfcj,  KronVlin  Furnace 

1d^(Xq.  101),  im 


It  may  also  he  noted  that  tungsten  is  most 
commonly  deposited  as  tungstate,  but  it  may 
lie  deposited  as  sulphide.  Tho  only  known 
occurrence  of  tho  sulpiride,  that  in  tho  Emma 
urine,  l  tali,*  is  a  deposit  that  is  believed  to 
have  boon  formed  at  moderate  temperature. 
Here  tho  sulphide  of  tungsten  was  one  of  the 
latest  minerals  lo  form  and  apparently,  in  part 
at  least,  replaced  earlier  sulphides. 

1  in  is  common Iv  deposited  as  the  oxide, 
but  in  some  of  tho  Bolivian  deposits  which 
seem  to  have  been  formed  at  only  moderate 
temperatures  and  in  which  sulpirides  are  rel¬ 
atively  abundant  (lie  sulphide  of  tin  was 
deposited.  Some  ot  these  deposits  contain 
bari  te. 

Lunge  ’  states  that  “on  boiling  sulphur  with 
water,  hydrogen  sulpiride  is  evolved  and  sul¬ 
phuric  acid  is  found  in  tho  residue."  The 
formation  of  sulphuric  acid  by  heating  sulphur 
with  water  has  been  demonstrated  by  Allen,* 
thus  hydrogen  under  certain  conditions  gives 
up  its  oxygen,  and  the  oxygen  so  released  goes 
to  oxidize  sulphur.  'Tire  production  of  sul¬ 
phuric  acid7  by  the  reaction  of  sulphur  dioxide 
and  water  at  about  150°  C.  will  also  take 
place®  according  to  the  equation  3S0,  +  2H20 
=  2HjS04  +S.  The  resulting  sulphur  would  of 
course  be  available  for  reaction  with  water  un¬ 
der  proper  conditions  for  producing  sulphuric 
acid  (HjSO,). 

If  it  is  granted  that  sulphates  form  in  the 
zone  of  intermediate  temperatures  without 
the  influence  of  surface  agencies,  tho  question 
then  arises  whether  n  similiar  origin  can  be 
attributed  to  alunite  deposits.  There  seems 
to  bo  universal  agreement  among  geologists 
that  alunite  deposits  havo  been  formed  near 
the  surface  and  also  that  some  of  them,  at 
least,  are  formed  by  acid  solutions  that 
result  from  surface  oxidation.  It  is  mani¬ 
festly  difficult  to  prove  the  part  that  surface 
and  deop-seated  agencies  have  played  under 
such  conditions,  but  if  barite,  anhydrite,  and 
colestito  can  and  do  originate  from  deep- 

t  Wells,  R.  C.,  and  IliUkr,  B.  8.,  Wniiutrlun  Acad,  Scl.  Jatlr.,  vol.7, 
pp.  SM-OT,  1317. 

i  Lungt,  Georg*,  ep.  d(.,  vol.  1,  pi.  1,  p.  17. 

*  Alien,  E.  T.,  persons!  coiamunii alion. 

» Randall,  M., and  BHwwsky.R.  V,,  Equilibrium  In  wvtlon  between 
water  and  sulphur  at  high  tempera  lures;  Tho  disiroulut  ion  of  hydrogen 
sulphide;  Am.  Cbcm.  8oc,  Jonr.,  vol.  4(1,  p.  358,  1913. 

•  Lewis,  G.N.,  Randall, M  ,  Blohowsky,  R.  V.,  A  preliminary  study 
of  reversal®  rca-tlonsol  sulphur  compounds:  Am.  Choui.  Soe.  Jour., 
vol.  40,  p.  356,  1913. 
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seated  solutions  without  surface  oxidation 
tliere  seems  to  be  no  good  reason  why  alun i  to 
might  not  also  and  why  this  mode  of  origin  J 
may  not  be  considered  if  it  seems  to  accord 
best  with  the  observed  facts. 

The  occurrence  of  hinsdnlitc  as  a  primary 
mineral  in  deposits  that  are  believed  by  the 
geologists  who  have,  described  them  to  bo  of 
deep-seated  (hypergene)  origin  is  of  interest. 
This  mineral  is  chemically  closely  allied  to 
alunite — in  fact  is  a  member  of  the  alunito 
group  of  minerals — and  if  it  can  form  from  the 
same  solutions  as  sulphides,  rhodochrosite, 
and  barite  there  seems  to  be  no  inherent 
reason  why  alunite  might  not  also  form  from 
ascending  solutions  under  the  proper  physical 
conditions. 

Tho  evidence  in  the  field  indicates  that 
alunite  can  form  only  at  low  temperatures, 
probably  considerably  below  the  initial  tem¬ 
perature  at  which  sulphuric  acid  and  the 
sulphates  of  potassium  and  aluminum  may 
appear  in  tho  solutions. 

Tho  rainoralogically  allied  minerals  of  the 
jerosite  groups  aud  other  allied  basic  ferric 
sulphates  are  apparently  formed  only  by 
surface  solution,  and  under  neai-surfaee  con¬ 
ditions  favorable  for  oxidizing  iron,  where 
they  may  form  abundantly.  It  is  obvious 
that  they  can  form  only  under  conditions 
favorable  to  the  stability  of  the  higher  oxides 
of  both  iron  and  sulphur,  and  it  appeal’s  that 
alunite  forms  under  conditions  that  favor  the 
reduction  of  the  higher  oxide  of  iron  to  ferrous 
compounds  or  sulphide,  on  the  one  hand,  and 
that  favor  the  formation  of  the  higher  oxide  of 
sulphur,  ou  the  other  hand. 

Tho  fact  that  ore  solutions  may  change 
their  character  during  the  deposition  of  the 
ore  has  been  long  recognized. 

Thus  Lindgren,1  in  describing  tho  alteration 
of  tho  rocks  ndjucent  to  tho  veins  in  the 
He  Lamar  mine,  Idaho,  states: 

This  confirms  the  view  set  forth  that  two  different  ! 
prncewnsi  have  been  active — first,  an  ordinary  process  of 
aoricitixaiion,  accompanied  by  a  vein  filling  of  barite 
and  calcitc,  effected  by  waters  containing  alkaline  car¬ 
bonate);  second,  pseudomorphic  replacement  of  the 
filling  by  quartz  and  leaching  of  .\t3Oj  from  the  scrici- 
tized  country  reck  by  siliceous  (probably  acid)  waters. 

1  Undgron,  WsWli'inar,  The  gold  and  silver  veins  ot  Stiver  City, 
Of  Lamar,  and  other  mining  dJ.UrSels  In  Idaho:  U.  3.  Gee!.  Survey 
Tnxilleth  Anti,  Kept., pi. 3, p.  lxr  coo. 


Lindgren  1  also  states  that  “the  loss  of  so 
much  A1A  can  be  explained  on  tho  supposi¬ 
tion  that  the  waters  contained  sulphuric 
acid,  as  only  such  thermal  waters  are  known 
to  dissolve  alumina  in  largo  quantities."  In 
another  work  he  says;  3 

Veins  formed  near  the  surface  in  volcanic  regions  we 
sometimes  subject  to  peculiar  changes,  which  are  rarely 
observed  in  depnsih)  of  more  deep-seated  origin.  An 
earlier  ganguc  mineral,  such  as  ealcite  or  barite,  may  1*® 
wholly  wiped  out  and  replaced  by  a  new  gangue  of 
quartz  and  ttdularin.  This  alteration  has  nothing  to  do 
with  surface  waters;  it  is  plainly  caused  by  a  change  ln 
tho  composition  of  ascending  current. 

In  the  San  Francisco  district,  Utah,  there 
is  a  notable  difference  in  the  alteration  of 
tho  wall  rock  and  in  ganguo  minerals  in 
neighboring  deposits  in  Tertiary  lavas,  which, 
it  is  believed,  represent  different  stages  in  the 
process  of  ore  deposition.  Thus  regarding 
the  Horn  Silver  and  Beaver  Carbonate  mines, 
it  is  stated/ 

Although  the  principal  ore  minerals  of  (he  two  de¬ 
posits  aro  the  same  there  is  a- notable  difference  in  ‘.he 
gangne  minerals.  Carbonates  are  important  in  the 
Heaver  Carbonate  miue  and  sulphates  in  the  Horn  Sil¬ 
ver  mine.  This  difference  points  to  a  difference  in  the 
character  of  the  solutions  that  deposited  the  ores,  and  a 
similar  difference  is  indicated  ia  the  alteration  of  the 
roc);  adjacent,  to  die  deposits  The  extensive  reraovzl 
of  alumina  from  the  rock  of  the  Horn  Silver  deposit  and 
the  presence  of  abundant  sulphates  is  contrasted  with 
the  failure  to  removo  alumina  and  the  presence  of  ralcitt 
iu  the  Beaver  Carbonate  deposit. 

The  presence  of  sulphnrie  acid  in  solutions 
that  deposited  sulphides  is  suggested  by 
Spurr.  Concerning  tho  alterations  of  the  wall 
rocks  at  Tonopah,  Nev.,5  ho  saj's: 

However,  they  [the  mineralizing  solutions]  attack  the 
rock  vigorously  by  virtue  of  the  carlxmie  acid,  probably 
also  sulphuric  acid,  and  perhaps  to  a  less  extent  by  acids 
of  chlorine  and  fluorine. 

The  many  known  reversible  reactions  that 
go  on  with  changing  conditions  make  the 
problems  of  changes  in  ore  solutions  most 
complex.  These  problems  really  belong  in 
the  field  of  chemistry,  but  as  the  reactions 
that,  go  on  in  ore  solutions  as  a  result  of 
changes  in  temperature  and  in  concentration 

-  Idom.p.  tSl. 

!  Lindgren,  Woldemar,  Mlnoral  dopaill?,  p  436,  Now  Yor'i,  1913. 

•  Butlrr,  D.  8.,  Oool'ty  nod  oro  doper, ils  ot  '.ho  Son  Franctwo *od 
adjwcnl  districts,  Utah:  U.  S.  Gccl.  Survey  l’rof.  Paper  80,  p.  133,  uis. 

•Spurr,  3.  K.,  Geology  ot  the  Tonopuh  mining  district,  Nev.:  V.  8. 
Goal.  Survey  Prof.  Paper  43,  p.  134,  1905. 
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may  exert  a  large  influence  on  the  deposition 
of  the  ores,  the  geologist  may  properly  point 
out  some  of  the  facts  that  need  explanation 
and  indicate  the  evidence  of  the  changes  that 
have  taken  place  as  it  is  preserved  in  the  rocks 
and  ores.  There  arc  undoubtedly  changes 
of  which  no  record  remains;  indeed,  wove  it 
not  for  the  presence  in  ore  deposits  of  &  few 
sulphates  that  are  relatively  insoluble,  there 
would  be  little  record  of  the  existence  of  the 
sulphate  radicle  in  ore  solutions  from  deep 
sources.  In  this  discussion  attention  has 
been  directed  to  some  possible  relation  of 
sulphur  and  oxygen  to  other  constituents  of 
oic  solutions,  but  it  is  obvious  that  other  ele¬ 
ments  should  be  considered,  especially  car¬ 
bon. 

The  possibility  of  the  formation  of  sul¬ 
phuric  acid  and  sulphates  in  magmatic 
emanations  may  have  a  bearing  on  many 
problems,  but  it  is  not  the  purpose  to  pursue 
their  study  here.  It  may,  however,  be  point¬ 
ed  out  that  close  observation  of  the  relations 
of  miuerals  is  essential  to  a  clear  understand¬ 
ing.  It  seems  certain  that  although  barite, 
for  iustance,  does  not  form  at  high  tempera¬ 
ture,  it  may  he  associated  with  minerals  that 
were  formed  earlier  at  high  temperature,  or 
even  later,  ns  when  once  formed  and  perhaps 
covered  with  other  minerals  it  might,  persist, 
even  though  the  temperature  might  be  raised. 

A  student  of  copper  deposits  who  considers 
the  possibility  of  a  deep-seated  source  of  sul¬ 
phuric  acid  will  read  with  added  interest  the 
paper  by  Zies.  Allen,  and  Mewin'  on  reac¬ 
tions  between  copper  sulphate  and  sulphuric 
acid  and  various  sulphides  at  moderately 
high  temperature.  It  seems  that  there  is  an 
almost  unlimited  field  for  similar  investiga¬ 
tions  which  will  contribute  directly  to  the  so¬ 
lution  ol'  some  problems  of  ore  deposition. 

SUMMAHY. 

Sulphates  in  igneous  rocks  and  in  deposits 
formed  at  high  temperature  are  confined  to  a 
tew  complex  silicate  minerals  that  contain  the 
sulphate  radicle.  In  deposits  formed  at.  in¬ 
termediate  temperature  barite  is  common 
ftud  anhydrite  and  eelestite  are  not  uncommon. 
Under  favorable  conditions,  and  probably  at 

1  Zi^  K.  9.,  AUwt,  K,  T..  and  M<rrwin,  II.  E.,  Somo »ea<rttons Involved 
•oroedary  copper  sulphido  cnrich.ncnl:  Koon.  Geology,  veil.  II.  ]>P- 
W-4C3,  Wifi. 


comparatively  low  temperature,  alunitc  forma 
abundantly.  In  some  deposits  at  least  the 
sulphate  of  the  alunite  was  probably  derived 
from  deep-seated  solutions. 

A  study  of  volcanic  emanations  has  shown 
that  they  exhibit  changes  in  character  and  that 
in  the  later  stage  of  fuinarolic  activity  they  may 
contain  sulphurous  and  sulphuric  compounds. 
Sulphuric  acid  can  readily  be  formed  by  the 
reducing  action  of  sulphur  dioxide  on  ferric 
solutions.  If  igneous  emanations  contain  free 
I  oxygen  and  sulphur  or  sulphur  dioxide  it 
would  bo  expected  that  us  they  became  cool 
sulphur  trioxide  would  be  formed  and  that  nt 
suitable  temperature  the  sulphates  would  be 
formed.  Sulphur  trioxide  is  unstable  at  high 
temperatures,  and  the  temperature  range  in 
which  it  forms  rapidly  and  is  stable  is  narrow. 
If  emanations  contain  no  free  oxygen,  that 
combined  with  tho  metals  or  with  hydrogen 
at  high  temperatures  may  at  lower  tempera¬ 
tures  combine  with  sulphur  to  form  the  oxides 
of  sulphur  and  sulphuric  compounds.  This 
interchange  of  oxygen  from  certain  elements 
at  high  temperature  to  sulphur  at  lower  tem¬ 
perature  is  believed  to  be  nn  important  factor 
not  only  in  the  formation  of  sulphates  in  solu¬ 
tions  of  deep-seated  origin  but  also  in  tho  pre¬ 
cipitation  of  primary  (hypergene)  ore  minerals, 

ACKNOWLEDGMENT. 

In  closing  tho  discussion  of  this  subject  the 
writer  wishes  to  acknowledge  gratefully  the 
criticisms  and  helpful  suggestions  of  coworkors 
on  ore  deposits,  especially  those  of  E.  S.  Bnstin, 
Adolph  Knopf,  E.  S.  Larsen,  G.  F.  Loughlin, 
Chase  Palmer,  F.  L.  Ransomo,  Max  Roesler, 
A.  C.  Spencer,  and  R.  C.  Wells,  of  the  United 
States  Geologicnl  Survey;  Drs.  E.  T.  Allen, 
J.  B.  Ferguson,  and  R.  B.  Sosman,  of  the 
Carnegie  Institution  of  Washington;  and  Prof. 
John  Johnson,  of  Yale  University,  without 
implying,  however,  that  all  these  students 
subscribe  to  all  the  ideas  hero  put  forward. 

AGE  OF  DEPOSITS  ASSOCIATED  WITH  IGNEOUS  KOCHS. 

The  age  of  tho  deposits  associated  with  the 
igneous  rocks  is  essentially  that  of  the  igneous 
j  rocks  to  which  they  are  related  in  origin.  (Seo 
p.  99.)  So  far  as  has  been  definitely  shown,  the 
main  igneous  activity  began  in  post-Cretaceous 
time  and  may  have  continued  through  much  of 
I  Tertiary  time.  Possibly  some  of  the  ignoous 
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bodies  and  the  associated  ore  deposits  in  (ho 
western  part  of  the  State  are  Cretaceous  or 
older.  A  few  deposits  in  tin*  Wasatch  and 
Uinta  ranges  appear  to  hoof  pre-Cambrian  ago. 

RELATION  OF  ORE  DEPOSITS  TO  DIFFERENT 
TYPES  OF  INTRUSIVE  RODIF.S.' 

The  ore  deposits  associated  with  igneous 
rocks  present,  especially  favorable  opportunities 
for  observations  on  the  relations  of  ore  deposi¬ 
tion  to  different  types  of  intrusive  rock  bodies. 
This  is  due  in  no  small  part  to  block  faulting 
since  intrusion,  which  (along  the  Wnsnteh  front 
and  the  west  side  of  t  he  Mineral  Range,  for  in¬ 
stance)  has  brought  into  the  field  of  observa¬ 
tion  bodies  intruded  at  greatly  differing  doptlis. 
The  small  size  of  all  of  the  intrusive  hodies  in 
comparison  with  those  in  California,  Idaho,  and 
Montana  is  also  favorable  to  such  u  study. 

NOMENCLATURE. 

The  intrusive  bodies  may  be  divided  into 
laccoliths  and  stocks.  (See  p.  91.)  The 
stocks  differ  according  to  the  distance  below 
their  tops  to  which  they  have  been  eroded  and 
may  be  designated  apically  truncated  stocks, 
or  those  cut  by  the  present  erosion  surface  not 
far  below  the  original  top;  medially  truncated 
stocks,  or  those  cut  much  farther  below  the 
original  top;  and  deeply  truncated  stocks,  or 
those  cut  to  still  greater  depths.  It  is  appar¬ 
ent  that  the  erosion  surface  may  have  reached 
the  zone  of  mineralization  induced  by  a  stock 
without  having  exposed  the  stock  itself.  Such 
conditions  may  bo  present  in  Utah  in  the  Gold 
Springs-State  Line  area,  nt  Ophir,  and  at  other 
localities. 

Tho  medially  truncated  stocks  probably 
comprise  more  than  75  per  eont.  of  tho  area  of 
the  exposed  intrusive  masses  and  are  nearly 
equal  in  number  to  tho  other  types.  The  npi- 
cnlly  truncated  stocks  and  lnccolithic  liodies 
nro  each  represented  in  soveral  places,  the  api¬ 
cally  trunented  stocks  being  both  areally  and 
numerically  most  important. 

Tho  geologic  innp  (PI.  IV,  in  pocket)  shows 
tho  number  and  location  of  the  different 
intrusive  bodies  in  tho  State  and  in  a  general 
way  the  reintivo  sizes  of  the  different  iutrusivo 
bodies  in  the  western  part  of  the  State.  The 
individual  members  of  the  lnccolithic  groups 

‘The  fire  mini  features  ol  this  discussion  wero  published  in  Econ. 
Ctiology,  vdI.  10,  pp.  lOJ-122,  1315. 


of  eastern  Utah  aro  too  small  to  hnve  their 
relative  sizes  even  approximately  shown  on  a 
map  of  the  scale  used. 

MTNERALI2ATION  ASSOCIATED  WITH  DIFFERENT  TYPES 
OF  INTRUSIVE  BODIES. 

OEXKRAI.  FEATURES. 

With,  the  relative  abundance  of  the  types 
in  mind  it  is  somewhat,  surprising  that,  not  o 
single  mine  of  first,  or  even  of  second  class 
importance  is  associated  with  either  the 
medially  truncated  stocks  or  the  lnccolithic 
bodies.  Of  the  total  metal  output  of  the 
State,  valued  at  over  S91G,001),000  to  tho  end 
of  1917,  less  than  one-half  of  1  per  cent  has 
been  derived  from  deposits  associated  with 
these  two  types;  and  it  is  certain  thufc  tho  com¬ 
mercial  importance  of  both  1ms  been  negative: 
that  is,  that  more  has  been  expended  on  them 
than  lias  ‘been  realized  from  them. 

The  doposits  in  the  western  part  of  tho 
Little  Cottonwood  district  may  possibly  be 
associated  with  the  Little  Cottonwood  stock 
instead  of  the  Altu-Clay ton  Peak  stock,  in 
which  caso  this  statement  would  have  to  be 
somewhat  modified;  but  in  nny  case  the  min¬ 
eralization  oither  in  the  Little  Cottonwood 
stock  or  in  the  associated  pre-Cambrian  rocks 
is  trifling  as  compared  with  that  in  the  early 
Paleozoic  rocks  of  the  Little  Cottonwood  dis¬ 
trict  and  in  the  late  Paleozoic  and  early  Meso¬ 
zoic  rocks  of  the  Park  City  district.  On  the 
other  hand,  important  ore  bodies  are  associated 
with  nearly  every  ono  of  tho  apically  truncated 
stocks,  and  it  is  from  these  bodies  that  (he 
great  bulk  of  the  metal  output  of  the  State 
has  been  derived. 

i.ACcouTns. 

Mineralization  associated  with  tho  laccoliths 
consists  of  small  gold-copper  veins  in  the 
larger  laccoliths  and  a  little  contact  minerali¬ 
zation  in  adjacent  culcareous  sediments.  Prac¬ 
tically  no  mineralization  is  associated  with  the 
smaller  laecolithic  bodies. 

STOCKS. 

Medially  truncated  stacks. — Mineralization  is 
slight  in  the  more  deeply  truncated  stocks. 
Pogmntitic  gold  quartz  veins  ox  tend  from  the 
Ibapah  stock  into  the  adjacent  quartzites. 
Galena-fluorite  veins  are  present  in  the  Granite 
Range  stock  and  quartz-fluorite  pyrite  veins 
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in  the  Shccprock  Mountains  stock.  Small 
veins  said  to  contain  copper  aro  reported 
from  the  Mineral  Range  stock,  coppor-niolyl>- 
denito  veins  occur  in  the  Little  Cotton¬ 
wood  stock,  and  similar  veins  aro  present  in 
some  of  the  other  deeply  eroded  stocks. 

Contact  deposits  and  replacement,  veins 
in  the  adjacent  sedimentary  rocks  arc  asso¬ 
ciated  with  practically  all  the  stocks,  especially 
with  that  of  tho  Mineral  Range,  but  nono  of 
them  are  largo. 

A  pie-ally  truncated  slocks. — Extensive  fissure 
and  replacement  fissure  deposits  arc  present  in 
practically  all  the  apically  truncated  stocks. 
Quartz-tourmaline  copper  replacement  veins 
arc  present  in  tho  San  Francisco  and  Clifton 
stocks;  tourmaline-scheelito  pegmntitic  veins 
or  dikes  in  the  Clifton  stock;  biot.it  e-orthocla.se- 
serioite  copper  deposits  in  the  Bingham  Can¬ 
yon  stock;  lead-silver-zinc,  veins  in  the  Bingham 
Canyon  stock;  and  lead-silver  and  gob  1-copper 
veins  .in  the  Tintie  stock.  Fow  deposits  have 
been  extensively  worked  in  tho  Park  City 
stocks,  though  lead-silver  veins  have  been  fol¬ 
lowed  from  tho  sedimentary  into  the  intrusive 
rock. 

The  adjacent  sedimentary  rocks  have  under¬ 
gone  intenso  contact  metamorphism  near  the 
San  Francisco,  Clifton,  Clayton  Peak,  nnd  Iron 
Springs  stocks,  and  less  intense  metamorphism 
near  tho  Bingham,  Tintio,  nnd  other  stocks. 
Replacement  veins,  which  ore  present  in  the 
rocks  adjacent,  to  all  the  stocks,  have  yielded 
large  amounts  of  lead,  copper,  silver,  and  zinc, 
and  to  tho  present  time  have  been  the  most 
productive  type  in  tho  State.  Associated  with 
the  stocks  in  the  southern  belt  uro  deposits  in 
the  extrusive  rocks  that  have  yielded  important 
amounts  of  lead,  zinc,  copper,  and  precious 
motals. 

SUMMARY. 

Mineralization  associated  with  tho  lacco¬ 
liths  is  not  extensive  and  is  largely  confined  to 
the  intrusive  bodies,  though  slight  minerali¬ 
zation  has  occurred  in  the  adjacent  sedimen¬ 
tary  rocks. 

Mineralization  associated  with  the  medially 
truncated  stocks  is  comparatively'  slight  and  is 
present  both  in  the  intrusive  bodies  nnd  in  the 
adjacent,  rocks.  That  in  tho  intrusivo  bodies 
,s  Prevailingly  of  tho  deep-seatod  typo,  ap¬ 
proaching  pegmatite  in  character,  as  is  shown 


by  the  pcginatitic  gold  quartz  veins  of  the 
Ihapah  stock.  Mineralization  in  the  adjacent 
'•edimenturv  rocks  is  most  important  in  tho 
Mineral  Range  where  limestone  is  present— a 
fact  that  has  doubtless  influenced  tho  extent 
of  mineralization.  (Most  of  the  deeper-trun¬ 
cated  slocks  are.  in  contact  with  tho  siliceous 
early  Cambrian  and  pre-Cambrian  rocks.) 
That  tho  character  of  the  inclosing  rock  has  not 
been  the  determining  factor  in  the  minerali¬ 
zation  is  indicated  by  the  important  deposits 
that  occur  in  siliceous  sediments  and  extrusive 
rocks  associated  with  apically  truncated  stocks, 
ns  in  the  Bingham,  Park  City.  San  Francisco 
and  other  districts;  and  by  tho  small  impor¬ 
tance  of  the  deposits  in  tho  limestone  of  the 
Mineral  Range  ns  compurcd  with  those  of  the 
Star  and  Park  City  districts,  which  occur  in 
sedimentary  recks  of  essentially  the  same  age 
and  character  associated  with  apionlly  trun¬ 
cated  stocks. 

Mineralization  associated  with  the  apically 
truncntccl  stocks  is  extensive  both  in  the  in¬ 
trusive  rock  and  iri  the  adjacent  sedimentary 
and  extrusive  rocks.  The  mineralization  in 
the  stocks  is  prevailingly  of  tho  high-tompora- 
tare  type,  though  the  lead-silver  veins  of  the 
Tintie  and  Bingliom  districts  indicate  forma¬ 
tion  at  only  moderate  temperature  and  pres¬ 
sure,  In  the  sedimentary  and  effusive  rocks 
the  mineralization  shows  more  or  less  com¬ 
plete  gradation  from  tho  high-tom pera tore  con¬ 
tact  type  to  fissure  deposits  formed  at  moderate 
and  comparatively  low  temperatures. 

CAUSES  OF  DIFFERENCES  IX  MINERALIZATION. 

LACconm-s. 

The  material  forming  the  laccolithic  bodies 
entered  the  space  occupied  through  a  relatively 
narrow  channel.  As  soon  as  the  active  flow 
through  this  passage  into  tho  laccolithic  cham¬ 
ber  ceased,  the  material  in  the  possago  quickly 
solidified,  effectively  sealing  off  tho  laccolith 
from  tho  deeper  source  from  which  its  material 
had  been  derived.  If  the  body  was  small  the 
solidification  was  rapid  nnd  there  was  little  op¬ 
portunity  for  differentiation.  Some  of  the 
smaller  laccolithic  bodies  have  almost  tho  tex¬ 
ture  of  lava  and  evidently  afforded  little 
more  opportunity  for  differentiation  than  a 
surface,  flow.  If  the  mineralization  associated 
with  the  igneous  rocks  was,  as  the  writer  holds, 
a  late  phase  of  their  differentiat  ion,  it  is  not 
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surprising  to  find  that  practically  no  minerali¬ 
zation,  either  in  the  igneous  masses  or  in  the 
adjacent  sedimentary  rocks,  is  associated  with 
these  small  undifferentiated  laccoliths. 

In  the  larger  laccoliths  solidification  pro¬ 
ceeded  more  slowly.  The  resultant  rocks  are 
much  more  coarsely  crystalline  and  in  some 
of  them  a  few  dikes  are  present..  Tho  presence 
of  these  dikes  may  indicate  that  crystallization 
was  slow  enough  to  permit  the  crystallizing 
mass  to  separate  into  portions  of  different 
composition,  and  that  hel'ore  the  entire  mass 
had  solidified  portions  had  become  sufficiently 
'solid  to  fraoturo  ns  a  result  of  the  stresses  set 
up  in  the  cooling  and  solidifying  mass,  and 
that  the  moro  fluid  portions  had  been  forced 
into  these  fractures  and  formed  dikes  therein. 
Mineralization  in  these  larger  laccoliths  occurs 
along  fissures  in  tho  intrusive  rock  and  in  the 
sedimentary  rocks  adjacent  to  the  intrusivos. 
It  seems  reasonable  that  the  mineralizing 
solutions,  like  the  dikes,  should  have  separated 
from  the  crystallizing  magma  and  have  passed 
along  fissures  into  the  solidified  port  ions,  where 
they  deposit  ed  the  ore  minerals,  or  have  escaped 
into  the  adjacent  sedimentary  rocks,  where 
they  formed  the  contact  deposits. 

On  the  assumption  that  the  ore  solutions 
havo  resulted  from  a  differentiation  of  the  mag¬ 
ma  within  the  laccolithic  reservoirs,  certain  de¬ 
ductions  concerning  the  probable  size  and  abun¬ 
dance  of  the  ore  deposits  arc  possible.  In  the 
smaller  outlying  reservoirs,  where  solidification 
whs  so  rapid  that  there  was  little  opportunity 
for  a  differentiation  of  tho  magma,  there  was 
little  possibility  for  the  different  materials  to 
collect  in  bodies  of  any  considerable  size.  In 
the  larger  bodies,  where  the  solidification  was 
slower,  tho  opportunity  for  separation  was 
more  favorable,  hut  even  in  the  largest  of  the 
laccoliths  in  southeastern  Utah  solidification 
must  have  been  so  rapid  that  in  a  large  part  of 
the  material  there  would  be  little  opportunity 
for  differentiation  and  in  the  remaining  portion 
conditions  would  not  he  favorable  to  n  high 
degree  of  differentiation.  It  may  be  presumed 
then  that,  in  the  crystallization  and  solidifica¬ 
tion  of  these  rock  masses  the  proportion  of  tho 
metals  expelled  was  small  when  compared  with 
what  would  have  been  expelled  under  condi¬ 
tions  of  slow  crystallization  that  gave  ample 
tiino  for  separation  and  segregation  of  the 
constituents. 


It  should  he  remembered  also  that  laccolithic 
hodies  arc  usually  cut  off  from  their  deep-seated 
source  nnd  that  in  them  there  is  no  tendency 
to  concentrate  the  more  mobile  substances 
resulting  from  deeper-seated  differentiation. 

Movements  of  tho  rocks  might  conceivably 
keep  open  the  supply  channels  to  some  of  the 
deeper  igneous  reservoirs,  thus  permitting  the 
entrance  of  mobile  constituents  from  below 
and  the  formation  of  large  ore  deposits,  hut  no 
known  evidence  indicates  that  this  has  taken 
place  in  any  of  the  laccoliths  of  Utah. 

If  the  ahove  suppositions  and  deductions  are 
correct,  tho  extent  of  the  ore  deposits  associated 
with  laccolithic  bodies,  other  tilings  being 
equal,  is  dependent  on  the  size  of  the  laccolith. 
If  it  is  small,  there  will  likely  be  no  minerali¬ 
zation;  if  very  large,  extensive  deposits  might 
be  expected.  In  the  laccolithic  groups  of 
southeastern  Utah  the  total  amount  of  igneous 
material  is  considerable,  but  that  contained  in 
any  individual  laccolithic  body  is  relatively 
small.  From  theoretical  considerations,  then, 
it  is  to  be  expected  that  only  small  metal  de¬ 
posits  are  present  in  these  laccoliths. 

Gilbert  1  many’  yea  is  ago  arrived  at  essen¬ 
tially  this  conclusion,  though  he  based  it  on 
the  belief  that  conditions  were  not  favorable 
to  the  formation  of  fissures  rather  than  on  the 
considerations  presented  above.  Since  then 
prospecting  has  been  carried  on  intermittently 
for  40  years,  and  many  thousands  of  dollars 
have  been  expended  in  the  search  for  and  de¬ 
velopment  of  metalliferous  veins.  Some  hove 
been  found  nnd  have  yielded  a  little  gold, 
silver,  and  copper.  Those  developed  to  the 
present  time,  however,  are  relatively  small  and 
are  associated  with  weak  Assuring  and  give 
little  promise  of  important  production.  Gil¬ 
bert’s  prediction  that  “gold  and  silver  will  not 
ho  found  in  paying  quantities  in  the  laccolithic 
mountains,  including  the  La  Sal,  Abajo,  nnd 
Henry  mountains,”  seems  to  hold  good.  The 
foregoing  statements,  of  course,  apply  only  to 
lodo  deposits  and  not  to  the  sandstone  and 
plucer  deposits  in  the  vicinity  of  these  moun¬ 
tain  groups. 

STOCKS. 

The  space  occupied  by  the  igneous  material 
constituting  the  stocks  was  probably  gained  in 
large  part  by  a  pushing  aside  and  doming  of  the 

i  GUlxirt,  0.  K.,  Report  on  tho  giology  of  the  Henry  Mountain 
U.  S,  Gooi.  anil  Oeog.  Stirvoy  RoeVy  Ktn,  Region  Final  R®pt»  I’fl- 
Si-83.  1SI-U2,  1X77, 
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earlier  rocks.  That  there  was  some  stoping  ( 
end  assimilation  of  the  invaded  rocks,  espc-  \ 
ciall.V  in  tl-°  deeper  portions  of  tho  stocks. 
?ccms  not  improbable.,  though  little  evidence 
of  it  has  been  observed,  and  it  is  not  thought  to 
have  been  important.  (See  p.  91.) 

Daly1  has  pointed  out.  that  the  diagram 
(fig.  3 1 ,  previously  published  by  the  writer*)  may 
bo  interpreted  as  indicating  that  stoping  has 
been  important.  This  weakness  in  the  dia¬ 
gram  is  due  to  the  fact  that  it  presents  only  two 
dimensions  and  therefore  can  not  show  the  dis¬ 
placement  of  the  rocks  without  great  compli¬ 
cation,  which  would  obscure  its  main  purpose 
of  showing  the  position  of  the  ore  bodies  with 
reference  to  the  stocks.3 

The  formation  of  tho  stocks  as  they  now 
occur  may  be  thought  of  us  taking  placo  in  the 
following  general  manner,  though  the  actual 
process  was  doubtless  more  complex.  (See 
also  p.  98.) 

After  the  intrusion  bud  taken  place  crystal¬ 
lization  of  the  fluid  magma  began,  or  continued 
if  it  had  already  begun.  The  higher  portions 
of  the  intrusive  bodies  and  tho  whole  of  the 
smaller  masses  lost  their  heat  most  rapidly  and 
crystallized  most  quickly,  so  that  the  upper 
part  of  a  body  and  the  relatively  small 
apophyses  underwent  comparatively  slight 
differentiation  and  became  sufficiently  solid  to 
fracture  while  the  deeper-seated  portions  were 
still  fluid.  'Hais  presumes  that  the  rucks  now 
exposed  in  the  tipically  truncated  stocks  have 
a  composition  nearer  that  of  the  original  magma 
than  those  exposed  in  the  more  deeply  trun¬ 
cated  stocks,  an  assumption  that  seems  to  he 
home  out  in  a  general  way  by  the  composition 
of  the  laccoliths,  where  differentiation  was  cer¬ 
tainly  slight.  No  laccolith  has  been  found 
associated  with  a  stock  where  a  direct  com¬ 
parison  would  be  warranted. 

As  crystallization  proceeded  slowly  water  Mid 
other  light  and  very  mobile  constituents,  with 
metals,  sulphur,  silica,  and  other  materials  in 

*  Dtily,  II.  A.,  OT'-s,  mag  malic  cnianalimu,  and  mode*  of  Iguo-itt 
lntnteimi:  Econ.  Ocolngy,  vol.  ID,  p.  171, 1015. 

•  Butler,  n.  S.,  Rotation oi  oro  doposila to  diflercinl  type® of  Intreslvo 
'X>UrsiU  Utah;  Eton.  Geology,  vol.  10,  p.  119, MIS. 

•Tl>«  manner  of  Intrusion  of  tho  Little  Cottonwood  ami  Ttntlc  Jlocto 
beta  dasvribcd  by  LoughUn  (Econ.  U-iogy,  vol.  II,  pp-  JSt-JSS. 
la  reply  to  Duly ’a  crLlidnQ  obovo  riled.  Tho  iDlnidon  peroo 
'  *  H  ®  Tbit*  stncfc  lias  also  boon  more  thoroughly  dlsi.oi.owd  by  I>-"giilin 
(l Biology  and  ore  dopurjls  of  tho  Tlntlc  mialug  district,  Utah:  L.S. 

Survey  Prof.  Paper  107,  p.  *7,  1910),  who  shows  Uuit  the 
r-«U«  effects  of  intrusion  am  duo  maluly  to  the  thrusting  action  of  tbo 
sterna,  although  stopiug  subsequent  to  tho  thrusting  was  of  cousldor* 
ih*  Ire  porf  ,iae«. 
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solution,  were  expelled  from  the  crystallizing 
magma  and  feuded  to  move  upward.  This 
movement  apparently  took  place  through  the 
fluid  with  no  marked  tendency  to  concentra¬ 
tion  other  than  a  convergence  as  the  size  of 
tho  stock  decreased  upward,  or  to  migration 
into  the  inclosing  walls.  When  the  material 
was  sufficiently  crystallized  and  solidified, 
fracture  formed,  in  whieh  these  mobile  con¬ 
stituents  concentrated  and  passed  on  into 
cooler  portions  of  the  intrusive  body  or  into  the 
inclosing  rocks.  When  tho  physical-chemical 
conditions  wero  favorable  to  the  precipitation  of 
metals  tho  formation  of  ore  bodies  began,  lu 
the  intrusive  bodies  the  tourmaline  veins  formed 
first  and  copper-gold  and  lead-silver  veins  later. 
As  the  solutions  passed  from  tho  intrusive 
bodies  into  tho  inclosing  sedimentary  and  ex¬ 
trusive  rocks  under  differing  chemical  and 
physical  environments,  various  types  of  de¬ 
posits  formed.  (See  fig.  31.) 

If  this  interpretation  is  correct  fractures  in 
passing  downward  should  disappear  at  a  level 
where  tho  material  was  too  liquid  to  retain  a 
fracture  at  tho  time  they  were  formed.  That 
such  conditions  are  not  more,  often  seeu  is  per¬ 
haps  duo  chiefly  to  the  fact  that  this  level  was 
not  favorable  to  oxtonsivo  mineralization  and 
offers  little  inducement  for  economic  develop¬ 
ment,  but  they  seem  to  be  exemplified  in  the 
fracture  zone  of  tho  Cactus  mine  in  the  Sun 
Francisco  stock.  At  the  surface  abroad  breccia 
exceeding  100  feet  in  width  is  traceable  along 
the  strike  for  several  thousand  feet.  As  it 
passes  downward  the  width  contracts  and  the 
brecciation  decreases  until  at.  a  depth  of  900 
feet  the  width  is  only  a  few  feet  and  the  brcc- 
cintiou  is  very  slight;  at  a  few  hundred  feet 
deeper  the  fracture  may  disappear  entirely. 
The  early  minerals  of  this  deposit,  as  would 
be  expected,  are  of  the  high-temperature 
type.  Similar  conditions  probably  obtain  in 
other  deposits  in  tho  State,  as  in  the  peg- 
matitic  tourmaline  veins  of  tho  Clifton  dis¬ 
trict,  but  developments  have  been  too  meager 
to  reveal  them.  Somewhat  similar  conditions 
occur  where  pegmu  titic  gold  quartz  veins  of  the 
Ihapah  stock  pass  into  true  pegmatite  carrying 
no  metals. 

Tno  most  important  deposits  of  the  State 
are  associated  with  igneous  masses  that  have 
been  eroded  to  oulv  n  relatively  short  dis¬ 
tance  below  their  top,  as  thoso  in  the  Park 
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City,  Bingham,  Tintic,  San  Francisco,  and  Iron 
Springs  districts,  arid  thoTushar  Range,  That 
deposits,  now  eroded  away,  comparable  in 
extent  with  these  may  have  been  associated 
with  higher  portions  of  the  larger  and  more 
deeply  eroded  masses  seems  entirely  probable, 
but  that  such  deposits  will  be  found  associated 
with  tho  deeply  eroded  remnants  now  remain-  i 
ing  seems  highly  improbable. 

This  explanation  supposes  that  there  was  a 
relatively  greater  expulsion  of  metallic  con¬ 
stituents  from  the  portions  of  the  magmas  that 
crystallized  slowly  than  from  those  that  cooled 
rapidly  near  the  surface,  and  that  there  was  a 


was  everywhere  the  same,  differing  only  W 
degree. 

The  general  relations  and  processes  hero 
described  have  for  tho  most  part  been  recog¬ 
nized  before,  but  they  arc  especially  well  illus¬ 
trated  and  their  commercial  importance  is  espe¬ 
cially  well  shown  in  the  ore  deposits  of  Utah. 

Spencer  1  has  pointed  out  that  cross-cutting 
intrusive  bodies  are  more  favorable  to  ore 
deposition  than  sills  because  of  the  more  direct 
connection  with  the  deep-seated  source.  Fer¬ 
guson  and  Bateman  3  have  shown  that  tin 
deposits  commonly  occur  near  the  top  of 
granite  bodies. 
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transfer  of  metallic  constituents  from  the 
deeper  zone  to  points  nearer  tho  surface — that 
is,  if  the  different  rock  bodies  were  to  bosampled 
it  would  bo  found  that  the  disseminated  metal 
content  of  the  rock  of  the  small  laccoliths  would 
bo  highest  ajul  would  not  differ  materially  from 
corresponding  extrusive  rocks ;  that  of  tho  large 
laccoliths  would  he  less,  for  part  of  their  metals 
aro  collected  in  veins;  that  of  the  npically 
truncated  stocks  would  doubtless  be  less  than 
that  of  the  laccoliths,  for  the  conditions  under 
which  they  consolidated  doubtless  permitted 
greater  differentiation;  and  that  of  the  more 
deeply  truncated  stocks  would  he  least  of  all,  for 
in  them  opportunity  was  ample  for  extensive 
differentiation  and  for  tho  migration  of  metallic 
constituents  toward  tho  surface.  The  process  I 


The  geueral  process  of  differentiation  here 
outlined  does  not  differ  materially  from  those 
previously  suggested,  notably  by  Spurr.* 
Probably  the  relations  of  the  intrusive 
bodies  in  Utah  are  unusuully  simple,  owing 
perhaps  to  relatively  stable  conditions  follow¬ 
ing  the  intrusions.  After  the  magma  had 
been  partly  solidified  and  the  still  fluid  part 
consisted  of  a  siliceous  portion  underlying  the 
solid  and  perhaps  of  a  basic  portion  under¬ 
lying  the  siliceous  portion,  an  impulse  from 
below  might  drive  the  fluid  portions  into  or 
through  the  solidified  portions  and  might  even 

>  SpoiKrr,  A  C.,  Untinotilo  deposits  : f  (.ho  Cornwall  typo  In  I  «najk 
vnnla:  TJ.  8.  Gaol.  Sarvoy  BuIL  p.  If., 

•  Ferguson,  1C  G.,  and  Bateman.  A.  M.,  Geologic  IbatlinM  f.f  pa 
deposits:  Scon.  Geology,  vol.  7,  p.  223,  1712. 
f  »  Spurt,  J.  E.,  Thwry  of  ore  deposition:  Econ.  ecology,  vol.  7,  p.  as, 
1  1612. 
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force  them  to  tho  surface  as  Hows,  That 
such  conditions  are  undoubtedly  present  in 
Ttah  is  shown  by  pegnnilitic  and  hasic.  dikes 
of  tho  Gruuitc  Range,  but  for  the  most  part 
they  scorn  to  have  been  of  minor  importance 
II.  is  possible  that  the  concentration  of  metals 
near  the  apex  of  a  stor  k  is  influenced  by  the 
relation  of  the  magma  at  the  time  of  intrusion 
to  the  surface  or  to  the  zone  of  fracture.  If  a 
magma  containing  gases  held  in  solution  under 
pressure  is  forced  through  the  overlying  rock 
until  it  connects  with  the  surface  or  with  the 
zone  of  fracture  wo  may  imagine  a  condition 
similar  to  that-  produced  by  removing  the  cork 
from  a  bottle  of  champagne,  when  the  dissolved 
gases  move  toward  the  region  of  lower  pressure, 
in  this  manner  there  might  he  relatively  rapid 
movement  of  previously  dissolved  gases  into  a 
restricted  area  from  a  large  volume  of  magma. 
The  expansion  of  gases  under  decreased  pres¬ 
sure  and  chemical  reactions  would  efTcct  tem¬ 
perature  changes  that  nmy  be  factors  in  precip¬ 
itating  metallic  and  other  substances.  If  the 
magma  did  not  reach  the  surface  the  influence 
of  difference  in  pressure  would  not  be  effective 
or  would  be  less  effective.  This  may  account 
for  the  conditions  in  the  Park  Valley  district 
and  in  the  Grouse  Creek  Range,  where  the 
intrusive  bodies  (whether  laccoliths  or  stocks 
is  not  apparent),  whoso  tops  are  exposed  by 
deep  erosion,  do  not  appear  to  contain  large 
deposits  of  ore.  It  is  not  always  possible  to 
determine  whether  an  intrusive  body  was  con¬ 
nected  with  the  surface  before  solidifying. 
There  is,  however,  evidence  that  some  of  the 
stocks  of  Utah  were  so  connected,  notably 
those  of  the  Tinlio  and  Marys  vale  districts. 
Proof  that  an  intrusi%ro  body  now  exposed  had 
no  connection  with  the  surface  before,  solidifi¬ 
cation  is  more  difficult  to  discover.  There  are 
perhaps  sonic  criteria  that  would  aid  in  such  a 
determination,  and  then-  recognition  will  be 
valuable.  Tho  deep-seated  intrusive  body  of 
the  Park  Valley  district  and  the  Granite  Moun¬ 
tain  intrusive  mass  contain  abundant  aplite 
and  pegmatite  dikes.  Possibly  the  retention 
"f  these  differentiation  products  indicates  a 
lack  of  surface  connection.  Large  ore  deposits 
htvo  not  been  found  associated  with  these 


bodies.  Whether  aplites  arid  pegmatites  are 
significant  or  not.  it.  may  ho  noted  (hat  the 
intrusive  rocks  of  all  the  districts  containing 
large  ore  deposits  arc  similar  in  character  to 
those  that  are  believed  to  have  hud  a  surface 
connection  before  solidification. 

SUMMARY, 

The  larger  intrusive  bodies  of  Utah  are  of 
two  types,  laccoliths  and  stocks.  The  lacco¬ 
liths  occur  in  the  sandy  and  shaly  sedimentary 
rocks  in  tho  southeastern  part  of  the  State, 
the  stocks  in  tho  quartzites  and  limestones  in 
the  western  port  of  the  .State. 

The  stocks  may  he  subdivided  into  those 
truncated  near  the  apex  nnd  those  truncated 
at  greater  depth.  The  deeper  truncated  stocks 
arc  uniformly  the  more  siliceous.  The  api- 
colly  truncated  stocks  range  in  composition 
from  inonzonite  to  diorite  Rnd  the  deeper 
truncated  stocks  from  grnnodiorite  to  granite. 

Ore  deposits  associated  with  the  laccoliths 
and  deeper  truncated  stocks  are  of  compara¬ 
tively  slight  commercial  importance  and  those 
associated  with  the  apicalty  truncated  stocks 
are  of  great  value. 

The  lack  of  largo  deposits  associated  with 
laccoliths  is  probably  due  to  the  fact  that  after 
intrusion  the  laccoliths  were  sealed  off  from 
their  deep-seated  source  and  that  tho  amount 
of  material  in  them  was  too  small  and  tho 
differentiation  on  solidifying  too  incomplete 
to  furnish  large  deposits. 

In  the  stocks  the  differentiation  was  proba¬ 
bly  greater  at  depth.  'The  water  and  other 
lighter  mobile  constituents  of  the  magma, 
with  metals,  sulphur,  and  other  materials  in 
solution,  rose  toward  the  surface;  and  the 
heavier  minerals  that  crystallized  early  sank 
to  greater  depth.  When  the  mobile  constitu¬ 
ents  reached  a  portion  of  the  solidified  magma 
that  was  fractured  they  were  guided  by  the 
fissures  and  on  reaching  favorable  physical  and 
chemical  environments  begau  to  deposit  their 
metals.  The  deeper  truneutod  stocks  are 
probably  remnants  from  which  the  portion  in 
which  the  metals  were  concentrated  has  been 
eroded. 
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RELATION'  OK  ORE  DEPOSITS  TO  SEDIMENTARY 
ROCKS  OF  DIFFERENT  AGES. 

Ore  deposits  occur  in  sedimentary  rocks 
ranging  in  age  from  pro-Cambrian  to  Tertiary.. 
Deposits  of  large  commercial  importance  thus 
far  developed  are,  however,  confined  to  those 
ranging  from  Middle  Cambrian  to  Jurassic. 

A  few'  small  deposits  are  present  in  pro-Cam- 
brian  rocks  in  the  Simpson  Mountains  (Trick- 
son  district),  Shcoprock  Mountains  (Blue  Bells 
district),  northern  Wasatch  area,  in  the  San- 
taquin  region,  and  in  the  Browns  Park  region 
(Uin  ta  Mountains).  Deposits  in  Tertiary  rocka,. 
so  far  as  known,  are  confined  to  copper  de¬ 
posits  in  the  Ouray  region  and  lead-zinc-cop¬ 
per  deposits  in  the  Sulina  Creek  district.  No 
metallic  deposits  are  known  in  rocks  of  Cre¬ 
taceous  age.  Placer  deposits  occur  in  the 
Quaternary  sediments. 

Deposits  in  Cambrian  rocks  occur  in  the 
Little  and  Big  Cottonwood,  American  Fork, 
Promontory,  Ophir,  and  Tintic  districts,  in 
the  Mount  Ncbo-Santnqnin  region,  in  some  of 
the  districts  west  of  Tintic,  in  the  Deep  Creek 
Range,  and  in  the  Pine  Grove  district.  The 
most  important  deposits  arc  in  the  Tintic, 
Ophir,  Cottonwood,  American  Fork,  and  Prom¬ 
ontory  districts.  In  the  Ophir,  Cottonwood, 
and  Promontory  districts  important  deposits 
occur  in  the  Middle  Cambrian  shale-limestone 
series.  In  the  Tintic  district  important  miner¬ 
alization  is  present  in  Upper  (?)  Cambrian  dolo¬ 
mite,  the  Cen ten n in l -Eureka  mine  being  in 
rocks  of  that  age. 

The  most  valuable  deposits  in  the.  Ordovician 
to  Devonian  rocks  are  in  the  Tintic  and  Fish 
Springs  districts;  less  valuable  ones  are  in  the 
Sun taqu in-Moun t  Nel>o  and  Sim  Francisco  dis¬ 
tricts. 

The  most  extensivo  deposits  in  the  lower 
Carboniferous  rocks  are  in  the  Tintic,  Opliir, 
Morcur,  Camp  Floyd,  and  Cottonwood  dis¬ 
tricts;  less  extensive  ones  are  in  the  North 
Tintic,  Provo,  Suntnquin-Mount  Xebo,  San 
Francisco,  and  Clifton  districts.  The  most 
valuable  deposits  in  the  upper  Carboniferous 
rock  arc  in  the  Park  City,  Bingham,  Lucin, 
und  Star  districts  in  Iho  Mineral  Range  and 
tho  Iron  Springs  district;  less  valuable  ones 
are  in  the  Clifton  district. 

Deposits  in  the  Triussic  rocks  occur  in  the 
Park  City  and  Star  districts  and  in  some  of 


the  ‘Red  Beds”  deposits  of  the  Plateau  region, 
the  most  important  deposit,  of  this  type  being 
the  Silver  Reef. 

Deposits  in  Jurassic  beds  occur  in  the  Tushar 
Range  and  in  the  Plateau  region,  where  they 
include  many  of  tho  uranium  and  somo  of  the 
copper  and  manganese  deposits. 

Tho  deposits  in  the  sedimentary  rocks  are 
mainly  in  limestone  and  dolomite.  (See  p.  174.) 
The  age  of  the  formation  appears  less  signifi¬ 
cant  economically  than  the  composition  and 
relations  of  the  limestone  nnd  the  character  cf 
the  associated,  intrusive  rocks.  Age  alone  gives 
no  definite  measure  of  the  depth  to  which 
a  formation  was  buried  nt  tho  time  of  the  dep¬ 
osition  of  the  ores;  foi  previous  to  the  great 
igneous  activity  of  Tertiary  time  an  old,  erosion 
surface  cut  all  the  earlier  formations  in  the 
western  part  of  the  State,  and  Tertiary  extru¬ 
sive  rocks  lie  un conformably  on  nil  formations 
from  early  Paleozoic  to  Tertiary. 

ALTERATION  OF  THE  ORE  DEPOSITS  BT  SURFACE 
AGENCIES.1 

IMPORTANCE. 

All  of  the  ore  deposits  have  beer,  changed  to 
a  greater  or  less  extent  by  the  action  of  surface 
agencies,  mainly  of  meteoric  water  carrying 
materials  in  solution.  The  efTccts  differ  greatly 
both  in  amount  and  character  in  the  different 
types  of  ore  deposits.  The  magnetite-hema¬ 
tite  iron  deposits,  for  example,  have  been  but 
slightly  affected  either  in  character  or  in  value, 
but  some  of  the  copper  and  zinc,  deposits  owe 
their  commercial  importance  to  the  action  of 
surface  agencies. 

Economically  the  alteration  of  the  ores  has 
been  important,  first,  by  effecting  a  partial 
segregation  of  the  individual  metals  or  groups 
of  metals  of  the  original  deposits;  and  second, 
by  greatly  simplifying  tho  necessary  metal¬ 
lurgy  treatment.  The  extensive  development 
of  tho  mining  industry'  of  the  State  would 
doubtless  have  been  much  delayed  had  it  not 
been  for  the  existence  of  large  bodies  of  oxi¬ 
dized  ores  that  readily  yielded  to  the  simple 
metallurgy  treatment  of  the  early  days. 
Methods  of  treating  tho  complex  primary  ores 
have  been  developed  slowly  and  even  now  are 
only  partly  successful. 

1  No  complex  til  tension  of  tliii  subject  1j  intended.  Tb  v  crpcrially 
interested  sbouM  consult  Emmons,  W.  IT.,  I’.  8-  GeoJ  Survey  Dull, 
623,  1017,  in  which,  u  gcnonil  dUcosstou  nnd  references  to  (be  oxtonshi 
literature  muy  be  found. 
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CONDITION’S  INFLUENCING  SURFACE  ALTERA¬ 
TION. 

GROUND-WATER  LEVEL. 

Tho  ground-water  level  is  perhaps  the  most 
important  factor  in  the  superficial  alteration  of 
the  ores,  for  in  many  deposits  it  approximately 
marks  tho  lino  to  which  alteration  has  pro¬ 
gressed  and  beyond  which  it  has  usually  not  ex¬ 
tended  far.  Tho  posit  ion  of  ground-water  level 
varies  greatly  with  the  precipitation,  structure, 
and  other  conditions  of  the  region. 

The  movement  of  ground  waters  hns  been 
discussed  by  numerous  authors.1  Finch  has 
separated  the  aroa  affected  by  surface  waters 
iu to  tho  gathering  zone,  extending  from  the 
surface  to  the  water  table;  the  zone  of  dis¬ 
charge,  tho  portion  of  the  saturated  zone  in 
which  the  movement  of  the  water  is  well 


IV.  hk32  — Oo[»  rill, -cil  vertical  sort  toil  elms  a  fi  sure  ctitciorplng  at 
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marked,  extending  from  the  top  of  the  water 
tnhlo  to  the  lowest  level  from  which  hoiizontul 
discharge  is  ordinarily  possible;  and  the  static 
zone,  in  which  the  movement  of  the  water  is 
ordinarily  infinitesimal. 

The  position  of  these  zones  in  a  vein  that 
outcrops  at  different  levels,  for  example,  one 
extending  from  a  valley  through  a  ridge  to  a 
second  valley,  is  shown  in  figure  32.  Condi¬ 
tions  of  circulation  and  consequently  of  oxida¬ 
tion  at  given  distances  below  the  surface  are 
evidently  materially  different  on  the  divide  and 
in  the  valleys.  The  zone  above  the  water  table 
is  materially  thicker  near  the  divide,  and  the 
active  circulation  of  water  probably  extends 
much  farther  below  the  top  of  the  water  table 
on  the  divide.  The  actual  thickness  of  the 
zones,  especially  those  of  the  gathering  zone 

‘SUthUi,  C.  5.,  Thocretl.al  ln"fai:,sttrn  ol  ilia  motion  “I  focus.: 
VAtBij;  tJ.  g,  c, eat,  Survciv  Ntmattiiilh  Ann.  Rcp-C.,  pt.  2,  pp.  JOT-384, 
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ji  IUst,  C.  U.,  A  tmilvi  an  malamorphisnr.  V.  S.  Cool.  Survey 
Mun-  ♦*,  pp.  371-S7B,  tt»;. 

I  ■”  h,  J.  W .,  T7i«  rircutalloo  ol  unrtonpround  nqneons  solutlous  end 
Ul"  depailtion  of  Icdo  ores:  Colorado  Set.  Stc  PfOC.,  vol.  7,  pp 
IKt-ZSj,  loop. 


and  t he  zone  or  discharge,  is  dependent  to  a 
largo  extent  on  tho  amount  of  precipitation. 
For  example,  the  heavy  precipitation  Li  the 
Wasatch  Range  causes  tho  water  tablo  to  stand 
only  a  few  hundred  feet  below  tho  surface,  even 
near  tho  divides  anti  in  readily  perinea  bio  for¬ 
mations;  whereas  in  some  of  the  ranges  in  tho 
central  and  southwestern  part  of  the  State, 
where  precipitation  is  slight,  tho  top  of  (lie 
water  tablo  lies  very  deep.  In  tho  Tin  tic  dis¬ 
trict  it  is  1,600  to  1.S00  feet  below  tho  valleys 
and  2,100  to  over  2,300  foot  below  the  liigher 
ground. 

Usunlly  a  single  vein  or  fissure  does  not  ex¬ 
tend  for  a  great  distanco,  and  tho  height  of  tho 
water  table  in  the  vein  is  dependent  in  large 
part  on  the  permeability  of  the  rock  in  which 
it  occurs.  This  differenco  is  well  illustrated  in 
areas  of  igneous  rocks  adjacent  to  limestones 
and  quartzites,  the  water  tablo  in  tho  igneous 
areas  commonly  being  much  nearer  the  surface, 
as  in  the  Tintic  district,  where  permanent water 
is  reached  oidy  300  to  800  feet  below  the  surface 
in  tho  igneous  rocks  but  is  voryr  much  lower 
in  the  adjneont  sedimentary  rocks.  Similar 
conditions  occur  in  the  Snu  Francisco  district; 
iu  tho  volcanic  rocks  about  Frisco  the  water 
level  is  but  a  few  feet  below  the  surface,  whereas 
in  the  Horn  Silver  mine  on  t  he  contact  of  lime¬ 
stone  and  volcanic  rocks  it,  lies  at  a  depth  of 
more  than  1 ,000  feet. 

To  various  combinations  of  the  conditions 
outliuod  above  are  duo  the  greaL  differences  in 
the  depths  to  which  there  is  active  circulation 
of  oxidizing  waters  in  the  different  deposits  and 
consequently’  in  tho  depths  to  which  the  ore 
deposits  have  been  altered. 

A  further  complication  in  the  aroa  within  the 
Great  Basin  is  that  at  earlier  periods  the  water 
level  has  stood  higher  and  probably  also  lower 
than  at  present.  Shore  lines  on  tho  sides  of  the 
basin  show'  that  the  wuters  once  lose  approxi¬ 
mately  1,000  feet  above  the  present  level  of 
Great  Salt  Lake,  and  ulluvial  cones  traceable 
nearly  to  tho  low'est  points  of  t  ho  hasin  suggest 
that  at  some  time  the  waters  may  have  been 
lower  tlian  at  present.2 

These  differences  in  the  accumulation  of 
waters  in  tho  inclosed  basin  indicate  climatic 
variations,  though  such  wore  probably  slight. 

•  Gllburt,  15.  :i  ,  Lake  HonnuvUto:  C.  S.  Cool.  Survay  Mon  1,  pp 
90,  1*« 


ORE  DEPOSITS  OF  UTAH. 


204 


A  .small  increase  in  precipitation  or  do  ere  us  a 
in  evaporation  would  account  for  the  change. 
The  readiness  with  which  the  level  of  the 
Great  Salt  Lake  responds  to  climatic  changes 
is  shown  by  fluctuations  of  more  than  15  feet 
that  have  been  recorded  since  1850,  the  higher 
levels  corresponding  to  periods  of  relatively 
high  precipitation  mid  the  low  to  periods  of 
low  precipitation.1  (Sec  PI.  XXII.)  Evidently 
the  balanco  between  accumulation  and  evapo¬ 
ration  in  the  basin  is  very  close,  and  a  very 
slight  increase  in  precipitation  or  decrease  in 
evaporation  over  a  long  period  would  cause  an 
important  rise  in  the  lake  level.  That  the 
climatic  conditions  at  the  time  of  tho  higher 
lake  stages  were  not  very  different  from  the 
present  is  indicated  by  the  fact  that  only 
basins  fed  by  streams  draining  high  mountain 
areas  contained  such  lukes.1 

Tho  effects,  therefore,  during  tho  higher  lake 
stages  on  deposits  nt  high  elevations  did  not 
differ  greatly  from  the  present  ones,  for  the 
deposits  wore  too  high  above  the  lake  to  be 
much  affected  by  its  rise  and  fall  and  tho  pre¬ 
cipitation  was  much  the  same.  In  tho  higher 
areas  tho  chief  changes  were  probably  duo 
to  erosion  by  tho  glaciers  that  doubtless 
formed  at  that  time  in  a  fow  of  the  ranges.  In 
the  lower  areas,  however,  the  effect  was  pro¬ 
nounced.  Tho  rising  of  tho  water  lovel  of  the 
luko  1,000  foot  might  cause  as  a  maximum  an 
equal  rise  in  the  water  table  in  certain  veins 
and  an  important  change  in  many  of  the 
veins  in  the  lower  ranges. 

In  3omo  of  tho  deposits  in  the  lower  ranges 
tho  ores  nro  oxidized  considerably  below  the 
present  water  level  and  it  seems  not  unlikely 
that  the  alteration  occurred  whilo  the  waters 
in  the  basins  were  lower  than  at  present  and 
probably  before  tho  sediments  had  accumulated 
in  the  basins  to  tho  present  level.  The  water 
level  in  tho  veins  in  limestone  in  the  Tiutic 
district  is  only  slightly  above  the  level  of  Utah 
Lake,  but  oxidation  has  evidently  extended 
considerably  below  this  lovel,  and  a  similar 
condition  is  true  of  the  water  level  and  oxida¬ 
tion  in  the  Star  district. 

1  H.-nihu.-,  K.  F.,  Poricr,  E.  A.,  sort  SioViiu,  (I,  C.,  Surfs™  vml, 
supply  of  tho  Great  Basin:  V.  S  Oral.  Survey  Vii.  r-Supply  Pape:  330, 
pi  3,  WH. 

Calc,  If.  8.,  Holes  cm  Hie  Quaternary  l.t,r»  <>/  l he  Great  Basin,  with 
apet-hl  reference  to  the  deposition  at  paliuh  OI1<I  other  sallr.es:  U.  8. 
Coot,  fiarvoy  Bull.  WO,  p.  3v,,  «n. 


EROSION. 

The  rapidity  of  erosion  has  an  effect  on  w 
depth  to  which  alteration  extends.  If  erosion 
is  rapid  oxidation  may  bo  able  to  keep  only  ft 
short  distanco  in  advance  of  it  ami  will  be 
shallow.  On  tho  other  hand,  if  erosion  is  very 
slow  oxidation  may  reach  far  below  it. 

Ordinarily  the  higher  the  elevation  the  more 
rapid  the  erosion,  but  in  Utah  precipitation  is 
so  great  on  the  higher  areas,  as  the  Wasatch 
and  Uinta  ranges,  that  they  support  a  dense 
vegetation  which  retards  erosion  and  partly 
offsets  tho  heavier  precipitation  and  greater 
elevation.  Moreover,  tho  high  areas  are  less 
subject  to  tho  torrential  rains  that  from  tiino 
to  time  accomplish  such  rapid  erosion  in  tho 
comparatively  bare  desert  ranges.  In  small 
areas  that  extend  above  timber  lino  erosion  is 
very  vapid. 

Glaciers  are  especially  vigorous  erosive 
agents,  and  where  they  have  flowed  tho  zone 
of  oxidation  is  likely  to  be  shallow.  Such  is 
the  case,  for  example,  in  parts  of  Little  Cot¬ 
tonwood  and  other  canyons  of  the  Wasatch 
Mountains.  But  the  glaciers  wore  confined  to 
the  heads  and  axial  portions  of  the  canyons, 
and  on  tho  intervening  unglaciated  ridges  the 
veins  are  deeply  oxidized. 

The  extent  of  oxidation  hus  doubtless  varied 
with  the  length  of  the  seasons.  In  higher  tdti- 
tudes,  like  those  of  the  Wasatch  Range,  the 
long  cold  winters  tend  to  restrict  the  amount 
of  waters  circulating  for  a  large  part  of  each 
year  and  undoubtedly  did  so  even  more  during 
the  period  when  parts  of  the  region  were 
covered  with  ice  and  snow  throughout  the 
year. 

The  character  of  the  rock  is  also  of  prime 
importance.  In  all  parts  of  the  State  areas 
of  soft  rock  have  been  lowered  far  more  than 
neighboring  areas  of  harder  rock.  Naturally 
ore  deposits  inclosed  in  the  different  types  of 
rock  will  bo  similarly  affected. 

CHARACTER  AND  OEOLOQIC  RELATIONS  OF  THE 
DEPOSITS. 

Besides  being  subjected  to  the  general  con¬ 
ditions  affecting  the  ore  bodies,  each  type  of 
ore  deposit  differs  in  oxidation  according  to  ita 
lnim  radogie  composition  and  to  the  character 
of  the  inclosing  rocks.  For  this  reason  the 
the  alteration  of  each  type  is  best  discussed 
separately. 
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ALTERATION  of  thf.  principal  PRIM  art 
METALLIC  MINERALS.1 

Ores  and  minerals  are  commonly  designated 
as  primary  or  secondary.  By  primary  ores  or 
minerals  aro  meant  those  that  have  not  been 
uffected  by  tho  action  of  surface  solutions,  and 
by  secondary,  those  that  have  resulted  from 
the  action  of  superficial  agencies.  Hypo  gone 
and  supergone  have  been  suggested  by  Ruu- 
suino  to  designate  these  types.  The  minerals 
in  the  upper  part-  of  most  of  tho  ore  bodies, 
or  the  oxidized  zone,  are  prevailingly  second¬ 
ary  or  supergene,  and  those  at  greater  depth  that 
have  not  been  affected  by  surface  solutions  are 
primary  or  hypogeno.  Between  tho  t  wo  zones 
is  an  area  in  which  both  classes  are  present. 

rRON  MINERALS. 

The  principal  primary  iron  minerals  in  tho 
ore  deposits  are  magnetite,  hematite,  pyrite, 
iron-bearing  garnets,  and  carbonates  con¬ 
taining  iron.  Less  important  arosmall  amounts 
of  pyrrhotite,  several  silicates  containing  iron, 
and  sulphides  like  ohnlcopyrito  and  bornite 
that  contain  other  metals  combined  with  iron. 

Magnetite  is  apparently  very  slightly  acted 
on  by  surface  waters.  In  many  magnetite¬ 
bearing  outcrops  the  mineral  is  perfectly  fresh, 
and  in  the  float  from  such  deposits  the  mineral, 
though  finely  divided,  is  apparently  not 
hydrated  and  is  strongly  magnetic.  Likewise, 
in  some  of  tho  bench  gravels  along  Colorado 
and  Green  rivers  finely  divided  magnotite  that 
has  been  exposed  to  surface  solutions  for  a 
long  period  is  strongly  magnetic  and  appar¬ 
ently  little,  if  any,  changed.  Under  the  con¬ 
ditions  prevailing  in  Utah  the  'main  effect 
of  surface  agencies  on  magnetite  seems  to  be 
a  mechanical  breaking  down  and  removal. 
An  exception  to  the  rule  is  the  occurrence  of 
martito  (magnetite  oxidized  to  hemntito)  grains 
in  the  basal  beds  of  Cambrian  quartzite  in  the 
Sierra  Madre  district. 

Homatite,  so  fur  os  ascertained,  behaves 
similarly  to  magnetite,  but  its  moro  friable 
character  causes  it  to  break  into  much  finer 
particles,  winch  aro  less  readily  recognized  in 
the  float,  and  waste  of  the  deposits. 

Pyrite  roadily  breaks  down  chemically  when 
acted  on  by  oxygen -bearing  waters;  and  the 

1  For  douiled  discussion  of  the  chemistry  of  alteration  see  Em- 

^na»  W.  H.,  Tho  onrtc bment  of  oro  deposits:  Ir.  S.  Cool.  Survey  Bull. 

9  191,,  also  tcxttaofe'i  and  apodal  articles. 
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resulting  products,  including  ferrous  and  ferric 
sulphate  ami  sulphuric  acid,  react  with  tho 
other  sulphides,  so  that  the  pyrite  in  an  ore 
body  is  an  important  factor  in  its  alteration. 
Hie  final  product  of  the  alteration  of  pyrite  is 
commonly  hydrous  ferric  oxides  (limonile), 
but  before  tins  product  is  reached  the  iron 
may  have  formed,  not  only  the  very  soluble 
ferrous  and  ferric  sulphate,  but  also,  with 
other  substances,  the  more  stablo  basic  sul¬ 
phates  jamsite,  plumboj arosito,  and  beaverito, 
which,  however,  usually  break  down  under 
surface  conditions  to  less  complex  compounds, 
including  hydrous  iron  oxides. 

Iron  migrates  loss  readily,  as  a  rule,  in 
limestone  than  in  siliceous  rocks,  probably 
because  tho  ferric  sulphate  reacts  with  calcium 
carbonate  and  precipitates  hydrous  ferric 
oxide,  according  to  the  equation2 
Fe,  (S04)3  +  3CaCOa  +  3  H  .0  = 

2Fo"(OH),  +  3CaSO,  +  3COj 

Where  limonito  is  found  in  limestones  at  a 
considerable  distance  from  its  source,  it  is 
because  the  limestones  through  which  it  has 
migrated  are  of  dense  texture  and  siliceous  or 
argillaceous  composition  and  therefore  are 
not  readily  susceptible  to  replacement. 

Tho  iron-bearing  silicates,  of  which  garnet  is 
perhaps  the  most  abundant  in  the  ore  deposits, 
break  down  under  surfaco  conditions,  yielding 
hydrous  iron  oxide,  opaline  silica,  and  other 
products. 

Iron-boariug  carbonates  are  apparently  not 
very  rapidly  acted  oil  directly  by  oxidizing 
waters,  though  they  darken  on  exposure,  sug¬ 
gesting  oxidation  of  tho  iron.  They  readily 
break  down  under  the  action  of  oxidation 
products  of  pyrite,  notably  of  sulphurio  acid, 
and  finally  form  hydrous  iron  oxides. 
manganese  minerals. 

Primaiy  manganese  minerals  in  the  ore 
deposits  of  tho  State  are  relatively  few  and  are 
of  relatively  slight  importance  in  individual 
deposits  except  iu  the  “sandstone  manganese 
deposits”  of  the  Plateau  region.  Manganese 
occurs  in  much  of  the  vein  carbonate  and  is 
probably  present  in  the  sulphides,  though  it 
has  not  been  recognized  in  them.  In  tho  West 
Tiutic  district  the  manganese  ores  have  appar¬ 
ently  resulted  from  the  alteration  of  rhodonite. 


» Knopf,  Adolph,  Mineral  ntmaeta  of  tlio  Live  and  While  monnUlns, 
Cal,;  U.  S.  Cool.  Survey  Dull.  MO,  p.  !'».  WW. 
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Tn  the  secondary  ores  small  amounts  of  manga¬ 
nese  oxide  and  hydrous  'oxide  are  present  in 
nearly  all  the  deposits  and  in  n  few  are  abundant. 
Manganese  lias  recently  been  mined  in  the 
East  Tintic  district,  just  south  of  Homansville 
Canyon.  In  1917  and  19  IS  shipments  were 
made  from  the  North  Tintic  and  West  Tintic 
districts.  It  has  been  shipped  from  the  Lottie 
Cottonwood  district,  and  is  present  in  the 
Marys  vide  district,  near  Modena,  and  at  other 
localities. 

COPPER  MINERALS. 

The  more  important  primary  copper  minerals 
arc.  chnlcopyrito,  enurgito,  and  totruhedrite,  and 
numerous  others  have  cooper  ns  a  constituent. 
(See  PI.  XX I II.) 

Chnlcopyrito,  uncier  the  influence  of  oxidiz¬ 
ing  waters,  especially  when  associated  with 
pyritc,  as  it  almost  invariably  is  in  the  ore  de¬ 
posits,  readily'  alters  to  iron  and  copper  sul¬ 
phates.  The  iron, like  that  in  pyritc,  is  in  part 
eventually  converted  into  hydrous  ferric  oxide. 
If  calcitc  is  present,  the  copper  sulphate  result¬ 
ing  from  the  first  alteration  reacts  with  it  to 
form  copper  carbonate  or  with  silica  to  form 
copper  silicates;  the  relatively  stable  basic  sul¬ 
phates  may  form  undorsome  conditions,  though, 
so  far  as  observed,  brochantitc  commonly  forms 
from  the  alteration  of  chalcocite  or  covellite. 
In  the  absence  of  calcite  the  copper-bearing 
solutions  and  other  products  of  the  alteration 
of  chalcopyrito  and  pyrite  pass  out  of  the  zone 
in  which  they  formed.  If  they  come  in  contact 
with  sulphides  bolow  the  zone  in  which  oxygen 
is  available,  the  copper  is  precipitated  as  the 
secondary  sulphides  chalcocite,  covellite,  or 
bornite,  or,  more  rarely,  as  secondary  chalcopy- 
rite.  The  secondary  sulphides  in  turn  come 
into  the  zone  of  oxidation  and  oh  alteration 
produce  native  copper,  the  oxides  cuprite  and 
meluconite,  the  carbonates  and  silicates,  and 
the  basic  sulphate  brochantite;  or  they  may 
again  form  soluble  sulphate  and  bo  carried 
away  in  solution  to  be  again  precipitated  by 
other  sulphide. 

The  alteration  of  enurgito  results  in  a  series 
of  copper-arson ic.  compounds  and  the  more 
common  copper  carbonutes  and  silicates.  Sco- 
rodite  and  plmnnucosiderito  are  common  alter¬ 
ation  products  of  arsenic  compounds  and  arc 
doubtless  formed  in  the  oxidation  of  onargite 
associated  with  iron  minerals  as  well  as  in  the 
alteration  of  arscuopyritc. 


Tlic  copper  of  tetrnhedrite  on  oxidat  ion  usu¬ 
ally  forms  the  common  carbonates  and  silicates, 
and  die  antimony,  if  lead  is  present,  com¬ 
monly  unites  with  it  to  form  bindheimitc  or 
closely  allied  compounds. 

i 

LEAD  MINERALS. 

Galena  is  by  fur  the  most  important  primary 
lead  mineral  in  the  ore  deposits  of  the  Stab', 
jamesonite  or  sorao  closely  allied  mineral  is 
present  in  some  of  the  deposits,  nnd  other  lead 
minerals  occur  in  small  amount. 

The  alteration  of  galena  as  a  rule  first,  forms 
the  sulphate,  nnglesitc,  which  in  deposits  in 
limestone,  usually  alters  to  the  carbonate, 
cerusitc.  Frequently,  however,  more  com¬ 
plex  sulphates,  such  ns  plumbojarosito  (see  fig. 
33,  p.  210)  and  beaverite,  are  formed,  which 
eventually  break  down  and  form  simpler  com¬ 
binations,  the  final  oxidation  mineral  of  the 
lend  most  commonly  being  ccrusite.  Jamcson- 
ito  commonly  niters  to  antimony-load  com¬ 
pounds,  probably  most  commonly  to  bind- 
heimite. 

ZINC  MINERALS. 

Sphalerite  is  tho  only  primary  zinc  mineral 
of  importance  thus  far  recognized  in  the  ore 
deposits  of  the  .State.  When  acted  on  by 
sulphuric  acid  or  by  certain  sulphates  it  alters 
to  the  sulphate,  which  is  very  soluble  and  is 
readily  carried  in  solution.  On  coming  in  con¬ 
tact  with  limestone  the  zinc  of  the  sulphate  is 
precipitated  as  smitbsonite,  hydrozincite,  or 
under  certain  conditions  in  the  presence  of 
silica  as  the  hydrous  silicate,  calamine,  or,  rarely, 
as  the  anhydrous  silicate,  willemite.  Other 
minerals  are  formed  to  a  slight  extent,  as 
aurichalcite  and  zinc-bearing  clay.  If  the  acid 
sulphate  solutions  pass  below  the  zone  of  free 
oxygen  into  primary  sulphides,  the  acidity  is 
reduced  and  the  zinc  may  bo  precipitated  as 
sulphide;  in  some  places  as  the  hexagonal  sul¬ 
phide,  wurtzite.  Smithsonite,  hydrozincite, 
calamine,  and  wurtzite  are  the  principal  sec¬ 
ondary  minerals,  though  others  are  present  in 
small  amounts.  (.See  Pis.  XXIII,  XXIV,  and 
fig.  33.) 

ARSENIC  MINERALS. 

Several  primary  arsenic  minerals  are  present 
in  the  ore  deposits.  On  oxidation  these  yield 
realgar,  orpiment,  scorodito,  pharmacosiderite, 
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II.  PHOTOMICROGRAPH  OF  SPECIMEN  SHOWN  IN  .1 


A.  I’HOTOMICROGRAPH  OF  SPECIMEN  OF  ZINC  SUL¬ 
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WITH  CROSSED  NICOLS. 
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C.  PHOTOMICROGRAPH  OF  CRYSTAL  OF  ZINC  SUL- 
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and  compounds  of  arsenic  with  other  metals, 
notably  copper. 

ANTIMONY  MINERALS. 

Antimony  is  present  in  the  primary  ores  as 
stibnite  and  in  combination  with  other  metals, 
notably  ns  tetrahedrito  and  jamesonite.  The 
alteration  produets  of  stibnite  aro  valentinite, 
kermcsite,  or  closely  allied  minerals.  Bind- 
heimite  is  a  common  alteration  product  of  ores 
containing  both  lend  and  antimony. 

SILVER  MINERALS. 

The  silver  of  the  primary  ores  occurs  in 
argentito  and  in  several  arsenic  and  antimony 
compounds,  and  to  a  slight  extent  in  selenides 
and  tellurides.  By  far  the  most  abundant 
secondary  mineral  is  corargyrite,  though  some 
nutive  silver  and  some  secondary  sulphide  und 
antimony  and  ni'senic  compounds  are  present. 

GOLD  MINERALS. 

The  gold  of  the  primary  ores  occurs  as  native 
metal  in  selenium  and  tellurium  compoimds, 
and  in  sulphides  in  an  undetermined  form. 
The  native  metal  is  the  only  secondary  product 
recognized. 

URANIUM  AND  VANADIUM  MINERALS. 

Uranium  and  vanadium  deposits  in  the 
Plateau  region  have  not  yet  been  sufficiently 
developed  to  determine  positively  which  min¬ 
erals  are  primary  and  which  secondary.  Some 
of  the  minerals  that  have  formed  as  an  efflo¬ 
rescence  are  certainly  secondary,  as  pintadoite, 
uvanito,  and  certain  undetermined  uranium 
sulphates.  Whether  some  of  the  more  abun¬ 
dant  minerals,  as  camotite  and  hewettito,  are 
primary  or  secondary  is  doubtful. 

ALTERATION  Of  DEPOSITS  IN  SANDSTONE. 

Most  of  the  ore  deposits  in  sandstone  (see  p. 
152),  as  seen  in  natural  exposures  and  in 
shallow  development  works,  are  thoroughly 
oxidized,  though  sulphides  have  been  reached 
in  a  few  such  deposits. 

SILVER  DEPOSITS. 

In  the  Silver  Reef  district-  cernrgyrite  and 
native  silver  lio  near  the  surface,  but  at  greater 
depth  give  placo  to  argentite,  which  is  believed 
to  be  the  original  silver  mineral.  Lindgren  1 
has  suggested  that  the  argentite  is  secondary 
and  that  it  resulted  from  a  concentration  from 


argentiferous  chnlcocite.  Some  secondary  ar¬ 
gentite  may  have  been  deposited,  but  the 
writer  has  failed  to  find  evidence  that  it-  is 
important. 

The  copper  minerals  of  the  Silver  Reef  dis¬ 
trict  arc  mainly  azurite,  malachite,  and  chal- 
cocitc.  Whether  or  not  the  chnlcocite  is  origi¬ 
nal  lias  not  been  determined.  Secondary  iron 
minerals  are  rather  abundant,  and  were-  proba¬ 
bly  derived  in  part  at  least-  from  tlio  alteration 
of  iron  or  copper-iron  sulphides.  The  chnlco¬ 
cite,  may  have  formed  by  replacement  of  such 
iron-bearing  minerals  as  did  chulcocito  in  some 
of  the  "sandstone”  copper  deposits. 

So  far  ns  determined  alteration  has  neither 
pronouncedly  enriched  or  impoverished  the 
silvor  deposits  in  the  Silver  Reef  district.  In 
the  main  the  change  has  been  to  minerals  that 
ore  relatively  stable  under  surface  conditions 
and  migration  has  been  slight. 

COPPER  DEPOSITS. 

Tlio  few  instances  where  sulphides  have  been 
observed  in  "sandstone”  deposits  in  which 
copper  is  the  principal  valuable  constituent 
affords  abundant  evideneo  of  replacement  of 
chalcopyrite  and  pyrite  by  covellitc  and  chal- 
cocite.  Such  replacements  are  especially  well 
shown  in  tho  Big  Indian  deposits  (PI.  XLIX) 
and  in  tho  Blue  Dike  deposits  in  White  Canyon, 
whore  the  structure  of  the  wood  is  preserved 
through  replacement  by  chalcopyrite  and 
subsequent  replacement  of  the  chalcopyrite  by 
chnlcocite  and  covellito  (PI.  XIV,  p.  152). 
The  rather  abundant  secondary  iron  minerals 
associated  with  the  oxidized  copper  ores  also 
suggest  that  iron-bearing  sulpiride  occurred 
in  the  original  ores  of  the  deposits  where  it  has 
not  been  found.  Chalcocite  and  covellite  have 
in  turn  been  altered. to  the  carbonates  mala¬ 
chite  and  azurite,  which  aro  the  prevailing 
copper  minerals  in  most  of  the  deposits  to  the 
depth  to  which  they  have  been  developed. 

Most  copper  deposits  of  this  character 
observed  by  the  writer  lock  a  marked  zone  of 
leaching,  and  it  is  not  certain  that  the  copper 
sulphides  are  due  to  the  surface  solutions. 

URANIUM  AND  VANADIUM  DEPOSITS. 

Too  little  is  known  of  the  original  character 
of  the  uranium  and  vanadium  deposits  to  make 
discussion  of  their  alteration  at  this  time  profit¬ 
able.  An  undetermined  uranium  sulphate  that 


1  l  imlgraa,  Wuldomnr,  Mineral  deposit-*,  p.  3H.  1913. 
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is  associated  with  chalcopyritc,  chalcocite,  and 
eovellite  in  the  Blue  Dike  prospect  in  White 
Canyon  may  have  boon  derived  from  the  oxi¬ 
dation  of  tho  sulphides,  hut  in  the.  material  at 
hand  it  was  not  possible  to  free  the  sulphides 
from  tho  uranium  sulphate  so  as  to  test  them 
for  the  presence  of  uranium. 

DEPOSITS  IX  INTRUSIVE  ROCKS. 

PEGMATITIC  GOLD  QCARTZ  VEINS. 

The  pcgmatitic  gold  quartz  veins  (seep.  159) 
are  open  and  readily  accessible  to  the  agents  ol 
surface  alteration,  a  nd  the  presence  of  abundant 
hydrous  oxide  of  iron  indicates  that  iron 
minerals  have  been  oxidized.  Developments 
below  tho  oxidized  zone  had  been  too  meager  to 
determine  the  change  in  metal  content  due  to 
oxidation,  but  tho  gold  content,  seems  to  be  as 
large  near  the  surfaco  as  at  any  point  at  greater 
depth,  09  if  leaching  of  gold  had  not  been  im¬ 
portant.  However  (see  p.  480),  the  richest  ore 
shoots  in  tho  Queen  of  Sheba  mine  occur  in 
fractures  younger  than  the  veins  and  are  most 
readily  accounted  for  by  concentration  of  the 
gold  by  surface  agencies. 

COPPER  DEPOSITS  IN  INTRDSrVE  ROCKS. 

The  oxidized  products  of  the  different  types 
of  copper  deposits  (see  p.  160)  in  intrusive 
rocks  show  many  similarities  and  some  marked 
differences,  duo  primarily  to  differences  in  the 
original  mineral  composition. 

QUARTZ-TOURMALINE  COrPKR  DEPOSITS. 

The  primary  ores  of  the  quartz-tourmaline 
copper  deposits,  in  both  the  San  Francisco  and 
Clifton  districts,  contain  important  amounts  of 
cal  cite  and  of  colei  um-magnesiu  m-iron-manga- 
neso  carbonate.  This  has  resulted  in  the  for¬ 
mation  of  abundant  copper  carbonate  in  the 
zone  of  oxidation  and  in  very  little  sulphide 
enrichment.  The  Cactus  mine,  for  instance, 
contains  practically  no  onriched  sulphide  ore.  | 
Development  in  veins  of  tliis  type  in  the 
Clifton  district  has  not  extended  below  the 
zone  of  carbonates,  but  the  abundance  of 
carbonates  in  the  surface  zone  indicates  that 
sulphide  enrichment  has  not  been  great. 

QUARTZ  COPPER  DEPOSITS. 

The  quartz  copper  veins  and  associated 
replacement  deposits  of  the  Bingham  and 
Beaver  Lake  districts,  in  which  carbonates 


arc  lacking  in  the  primary  ores  or  aro  present 
only  in  small  amounts,  nffqrd  alteration 
products  of  very  different,  character.  In  the 
upper  port  tho  sulphides  have  been  entirely 
oxidized  and  practically  nil  of  the  copper  and 
much  of  the  iron  removed.  Tho  iron  not 
removed  is  present  as  limonilo  or  similar 
hydrous  ferric  oxides.  'Hie  gold  content  shows 
no  decrease,  and  doubtless  the  gold  has  been 
eroded  with  the  silicates  and  has  contributed 
to  the  placers,  us  those  of  Bingham  Canyon. 
At  greater  depth  the  copper  content  in  the 
form  of  carbonates  and  possibly  in  part  ns 
basic  sulphate  increases,  and  a  little  iron  is 
apparently  present  as  basic  sulphate,  though 
in  what  mineral  combination  has  not  been 
determined.  At  still  greater  depth  sulphides 
are  mixed  with  carbonates,  oxides,  raid  sul¬ 
phates,  and  these  give  place  to  the  zone  of 
secondary  sulphide,  which  consists  of  pyrite, 
cbolcopyrite,  and  some  bornite,  partly  replaced 
by  chalcocite  and  eovellite. 

In  tho  Bingham  district,  the  amount  of  copper 
in  the  form  of  carbonates  and  other  oxidized 
minerals  in  the  material  above  tho  sulphide 
ores  varies  considerably.*  (See  also  p.  359.) 
In  tho  portions  of  the  deposits  highest  above 
the  canyon  bottom  very  little  coppor  is  present 
above  the  sulphides,  but  near  the  canyon 
bottom  the  oxidized  ores  immediately  above 
the  sulphides  contain  nearly  or  quite  as  much 
copper  as  the  sulphide  ores. 

The  relative  amount  of  the  secondary 
sulphide  minerals  in  the  enriched  sulphide 
zone  also  varies.  Beeson  states  that  in  the 
deposits  highest  above  tho  canyon  bottom 
eovellite  predominates  over  chalcocite  and  that 
near  the  canyon  bottom  the  reverse  is  true. 
This  difference  he  attributes  to  varying  con¬ 
ditions  of  acidity  and  the  content,  of  ferrous 
sulphate. 

At  greater  depth  tho  amount  of  the  second¬ 
ary  sulphides  gradually  decreases  till  the  zone 
of  primary  sulphides  is  reached  below  the  influ¬ 
ence  of  oxidizing  solutions.  The  transition 
from  the  zone  of  carbonates  and  sulphates  to 
that  of  sulphides  is  rather  abrupt,  talcing  place 
within  a  few  feet  and  in  many  places  within  a 
fow  inches.  In  general,  however,  the  copper 
content  shows  no  such  notable  change,  and 
where  the  ores  arc  high  grade  they  are  of  about 

1  Iloafon,  J.  J.,  The  dissomln  tiled  copper  ores  of  Uiiigtaani  Caayoit 
Utah:  Aid.  InsL  Min.  Eon.  Uul).  107,  pp.  2191-2230,  1915. 
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the  same  value  above  anti  below  the  transition. 
Where  they  are  low  grade,  however,  as  in  the 
Bingham  deposits,  the  difficulties  of  treatment 
have  caused  the  ores  from  above  this  line  to  be 
stored  to  await  metallurgy  development.  The 
greatest  concentration  of  copper  apparently 
lies  near  the  line  separating  secondary  sul¬ 
phides  and  the!  more  highly  oxidized  carbonate 
oxide  and  sulphate.  Above,  this  line  there  is  a 
decrease  in  copper  due  to  downward  leaching 
aud  below  it  there  is  a  progressive  change 
toward  the  leaner  primary  sulphides.  The 
change  from  the  secondary  sulphides  to  pri¬ 
mary  ore  is  gradual,  no  sharp  lino  separating  ore 
from  material  too  low  in  metals  to  be  profitably 
treated. 

In  the  Utah  Copper  Co.’s  ore  body  (see  PI. 
XXXV,  p.  358)  the  depth  at  which  thosulphides 
have  been  changed  to  carbonates  and  oxides 
varies  with  the  elevation  above  the  canyon 
bottom.  The  thickness  of  the  oxidized  zone  on 
the  Higher  elevations  is  more  than  twice  what 
it  is  under  the  bottom  of  the  canyon. 

QUARTZ  SILVER-LEAD  VEINS. 

The  oxidation  of  the  silver-lead  veins  in  the 
intrusive  rocks  (see  p.  162)  is  in  general  similar 
to  that,  of  the  silver-lead  veins  and  replacement 
deposits  in  the  sedimentary  rocks  nod  need  not 
be  described  in  detail.  The  zinc  content  of  the 
deposits,  however,  has  been  markedly  reduced. 
Whether  the  zinc  has  been  in  part  precipitated 
in  the  sulphide  zone,  as  in  the  Horn  Silver  mine 
(see  p.  213),  or  has  been  dissipated .  by  the 
circulating  waters  Inis  not  been  determined. 

IRON  VEINS. 

Alteration  of  the  magnetite-hematite  iron 
deposits  in  the  intrusive  rocks  is  similar  to 
that  of  the  replacement  deposits.  (See  p.  168.) 
Certain  iron  deposits  in  the  Antelope  Range 
near  Marys  vale  and  in  the  Dragon  mine  in  the 
Tiutic  district  consist  of  hydrous  iron  oxide 
and  are  attributed  principally  to  the  concen¬ 
tration  of  the  oxidized  produets  of  dissemi¬ 
nated  pyrite  in  altered  igneous  rocks.  (See 
p.  1G3.) 

CONTACT  DEPOSITS. 

Tho  physicnl  and  chemical  character  of  the 
contact  deposits  is  not  favorable  to  rapid 
oxidation,  and  their  alteration  by  surface  solu¬ 
tions  is  usually  relatively  superficial.  Physi¬ 
cally  the  deposits  arc  characteristically  dense  nnd 
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relatively  impervious  to  solutions.  Mineral- 
ogically  they  arc  composed  largely  of  relatively 
inert  oxides  and  silicates  and  of  sulphides  in  too 
small  amount  to  cause  the  rock  to  break  down 
rapidly. 

IRON  DEPOSITS. 

Contact  deposits  eliicfly  valuable  for  their 
iron  con  tout  are  present  in  the  Iron  Springs  and 
Bull  V  alley  districts  (p.  168)  hut  show  rela¬ 
tively  slight,  surface  alteration.  Leith  nnd 
Harder  note  that  hematite  appeal's  lo  be  more 
abundant  below  the  surface  and  that  silica  is 
distinctly  so.  The  sulphur  content  also  appears 
to  be  less  near  the  surface.  The  changes  dua 
to  oxidation  are  favorable  to  the  quality  of 
the  ore. 

COPPER  DEPOSITS. 

The  surface  alteration  of  the  contact  copper 
deposits  has  been  relatively  shallow.  Some 
concentration  of  the  copper  bus  occurred  pro¬ 
ducing  “bunches”  of  relatively  high  grade 
enriched  sulphide  and  carbonate  and  oxide 
ores. 

For  a  short,  distance  below  tho  surface  the 
deposits  have  been  impoverished  in  copper. 
At  greater  depth  the  copper  content  increases 
but.  is  commonly  concentrated  along  lines  of 
easiest  passage  of  solutions.  At  greater  depth 
tho  primary  ores  are  reached.  In  tho  oxidized 
zone  some  “bunches”  of  rather  high-grade  ore 
have  been  extracted,  some  of  them  probably 
at  n  profit.  In  the  primary  zone,  where  sili¬ 
cates  are  tho  prevailing  gungue,  most  of  the 
matcriul  is  too  low  grade  for  profitable  mining. 
In  tho  deposits  in  which  the  gungue  is  largely 
iron  oxides  there  has  been  a  similar  enrich¬ 
ment,  though  usually  less  localized  and  conse¬ 
quently  producing  ore  with  a  lower  copper 
content.  With  favorablo  mining  nnd  trans¬ 
portation  facilities,  however,  even  the  primary 
ore  with  an  iron  oxide  gangue  cun  bo  profitably 
mined,  owing  to  the  value  of  tho  iron  ns  a  flux. 

GOLD  DEPOSITS. 

Tho  contact  gold  deposits  of  tho  Clifton  dis¬ 
trict  consist  mainly  of  silicates  and  have  under¬ 
gone  relatively  slight  surface  alteration.  Sorao 
of  the  richest  specimens  seen,  however,  were 
distinctly  oxidized;  the  gold  in  them  occurs 
along  fissures  mid  is  associated  in  pluces  with 
copper  sulphide.  This  relation  suggests  that 
there  hns  been  some  movement  of  the  gold 
during  oxidation. 
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replacement  deposits  in  and  adjacent  to 
FISSURES  IN  SEDIMENTARY  ROCK. 

DEPTH  OP  OXIDATION. 

Replacement  deposits  associated  with  fissures 
in  the  sedimentary  rocks  have  commonly  been 
ex  I  cnsivcly  oxidized,  many  of  the  fissures  being 
sufficiently  open  to  permit  rather  free  circula¬ 
tion  of  Waters.  The.  minerals  forming  the  de¬ 
posits  yield  readily  to  oxidizing  solut  ions.  The 
relatively  open  character  of  the  fissures,  espe¬ 
cially  in  limestones,  as  compared  with  those 
in  the  intrusive  rocks,  permits  deep  circulation 
of  the  oxidizing  waters.  These  factors  have 
produced  a  very  deep  zone  of  oxidation  in 
many  of  the  deposits. 

The  results  of  alteration  vary  greatly  with 
the  metal  content  of  the  deposits. 

COPPEP.  DEPOSITS. 

The  alteration  of  the  copper  deposits  is  in 
general  similar  to  that  of  those  in  the  intrusive 
rucks  and,  as  iu  the  intrusive  rocks,  varies  con¬ 
siderably  with  the  character  ami  miueral  com¬ 
position  of  individual  deposits.  The  primary 
ores  of  the  larger  deposit  consist-  principally 
of  pyrite  hut  contain  ch&lcopyrite  and  other 
metallic  minerals.  Gold  und  silver  are  present 
in  variable  hut  usually  in  small  amount. 
Quartz  is  tho  prevailing  gangue  mineral  and  in 
many  places  has  replaced  the  limestones  sur¬ 
rounding  tho  main  sulphide,  bodies.  Where 
these  replacement  bodies  aro  oxidized  the  cop¬ 
per  has  migrated  downward  in  notablo  amounts 
and  has  formed  an  important  zone  of  sulphide 
enrichment,  as  in  the  Highland  Boy  and  other 
deposits  of  tho  Bingham  district.  The  gold, 
in  part  at  least,  has  remained  in  the  leached 
portion,  and  some  of  the  gossans  in  the  Bing¬ 
ham  district  havo  been  treated  to  recover  it. 
Tlio  secondary  sulphides,  however,  aro  richer 
in  gold  and  silver  than  the  primary  deposits, 
indicating  a  concentration. 

In  many  smaller  deposits,  whero  tho  replace¬ 
ment  of  the  limestone  is  less  complete  and 
calcium  enrbonato  is  an  important  gangue  min¬ 
eral,  tho  sulphide  enrichment  is  far  less  impor¬ 
tant.  In  these  the  copper  sulphato  formed  by 
tho  oxidation  of  tho  original  sulpirides  has  re¬ 
acted  with  the  calcito  of  the  gangue  and  has 
formed  tlio  relatively  stnble  copper  carbonates. 
Some  secondary  sulpliido  was  usually  formed 
but  is  of  relatively  slight  importance. 


j  The  oxidation  of  a  secondary  sulphide  zone 
I  that  has  been  so  enriched  that  it  cousi-tslargely 
!  of  copper  sulphides  results  in  the  formation  of 
j  native  copper,  cuprite,  and  mdaconite  or  tenor- 
i(e,  and  very  commonly  of  silicates  and  car¬ 
bonates.  Such  an  alteration  seems  to  have 
j  produced  the  rich  oxidized  ores  of  the  Copper 
Mountain  mine  in  the  Lucin  district  (see  PI. 
XXIII),  though  sulphides  were  not  observed 
in  the  mine  at  the  time  of  the  writer’s  visit- 
The  absorption  of  copper  by  amorphous  sili¬ 
ceous  and  aluminous  material  ha3  formed  ore 
ranging  from  rather  high  grade  to  th&t  con¬ 
taining  but  little  copper. 

In  the  deposits  containing  abundant  arsenic, 

!  as  the  Tin  tic  mines  and  the  Gold  Hill  mine  of 
the  Clifton  district,  a  series  of  copper-arsenic 
oxidation  minerals  form  on  important  part  of 
the  ore. 

LEAD -SILVER  DEPOSITS. 

The  primary  ore  of  deposits  in  which  lead 
and  silver  are  the  most  important  metallic  con¬ 
stituents  is  composed  chiefly  of  pyrite  and 


Fiounc  33.— Diagram  shewing  ihn  eolation  of  pi  Iran  anti  Its  oxMaUao 
products.  •  Promt  from  sped  men  from  Alla  Consolidated  mine. 
Little  Cottonwood  district  Control  area,  r-alena;  dark  bend  sur¬ 
rounding  galena  and  penetrating  it  along  cleavages,  angltiilo  atth 
some  ecmslte;  oilier  band,  bn-io  f  -rrio  sulphate,  possibly  btavurlK, 

galena  with  variable  amouuts  of  sphalerite, 
tetrahedrite,  enargite,  eliulcopyrite,  and  other 
minerals.  Iu  most  deposits  tho  mineral  com¬ 
bination  in  which  the  silver  is  present  has  not 
been  determined.  It  is  closely  associated  with 
the  sulphides  and  allied  minerals  and  probably 
occurs  us  silver  sulphido  and  combined  with 
arsenic  and  antimony,  intergrown  with  lend, 
zinc,  and  copper  minerals. 

When  acted  oil  by  oxidizing  solutions,  the 
galena  first  altera  to  the  sulphate,  anglesitc. 
The  anglcsite  in  tho  presence  of  calcium  and 
magnesium  carbonates  changes  to  tho  lead  car¬ 
bonate,  corusitc,  or  combines  with  ferric  sulphate 
to  form  plumbojarosite  or  other  complex  basic 
ferric  sulphates.  (Sec  fig.  33.)  If  antimony 
is  present,  lead-antimony  minerals  may  result. 
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Other  oxidized  lend  minerals  arc  present  in  the 
deposits  in  small  amounts.  All  the  lead  min¬ 
erals  resulting  from  oxidation  are  relatively 
insoluble,  and  lead  migration  is  consequently 
small. 

The  mineral  combinations  of  the  silver  in  the 
oxidized  ores  are  not  all  known.  Many  ores 
contain  it  in  large  part  ns  the  chloride,  cerurgy- 
ritc;  but  others  (as  some  in  the  Lion  Hill  area) 
consist  of  earthy  yellow  or  greenish  material, 
commonly  designated  “chlorides”  or  “bro¬ 
mide/'  which  is  too  finely  divided  for  deter¬ 
mination  even  under  the  microscope.  It 
contains  ferric  iron  and  sulphate  radicle  and  in 
appearance  suggests  some  of  the  complex  basic 
sulphates,  but  it  has  not  beeu  determined  that 
the  silver  is  present  in  such  a  combination. 
Some  yellow  “chlorides”  consist  essentially  of 
the  hydrous  lead  antimon&tc  bindheimite;  mid 
some  green  ores  rich  in  silver  owe  their  color 
to  copper  minerals. 

The  oxidized  ores  are  commonly  quite  a* 
rich  in  silver  as  the  unoxidized,  indicating  that 
there  has  been  little  migration  of  the  silver. 
In  some  mines  silver  has  been  concentrated  in 
oxidized  ore.  Salt  is  abundant  in  the  desert 
valleys,  and  doubtless  there  is  sufficient  salt  in 
the  waters  entering  the  deposits  to  precipitate 
all  tho  silver  from  the  sulphate  solutions  ns 
chloride.  Even  in  the  Park  City  district, 
relatively  remote  from  the  desert,  valleys  and 
with  moderately  high  precipitation,  the  mine 
waters  contain  rather  abundant  chlorine. 
Probably  there  has  been  some  migration  of  the 
silver,  but  it  does  not  appear  to  have  been 
important.  Zinc,  however,  has  been  largely 
removed  from  deposits  containing  sphalerite; 
and  iron  has  been  removed  from  at  least  some 
ores  and  deposited  ns  ferruginous  zinc  carbon¬ 
ate,  ns  in  the  Tintic  district,  though  in  large 
part  it  has  been  changed  to  the  stable  hydrous 
ferric  oxide.  In  general,  therefore,  removal 
of  other  constituents  has  caused  some  enrich¬ 
ment  in  lead  and  silver.  Moreover,  the  treat¬ 
ment  of  the  oxidized  oro  is  commonly  cheaper 
than  that  of  tho  primary  ore. 

SILVER  DEPOSITS. 

Deposits  whose  content  of  lead,  zinc,  and 
copper  is  relatively  low,  and  which  may  there¬ 
fore  ho  regarded  ns  silver  deposits,  occur  in  the 
hion  Hill  region,  in  parts  of  the  Ontario  vein 
system  of  the  Park  City  district,  and  elsewhere. 


Tho  alteration  of  tho  ores  does  not  differ  m 
character  from  that  of  tho  load-silver  ores. 

Z1N C-LE AD-SILVER  DEPOSITS. 

Zinc  is  present  in  the  primary  ores  of  most 
of  the  replacement  deposits,  and  in  many  of 
them  is  sufficiently  abundant  to  be  profitably 
recovered.  Thus  for  several  years  zinc  has 
been  recovered  from  the  sulphide  ores  of  the 
Park  City  and  Bingham  districts. 

Hie  oxidation  of  this  type  of  oro  differs  in 
no  wise  from  that  of  tho  lead-silver  ores,  the 
only  difference  in  tho  ores  themselves  being 
tho  relative  amounts  of  the.  several  mineral 
constituents.  The  oxidation  of  tho  sulphides 
(p.  200)  produced  sulphates  of  the  different 
metals.  The  load  sulphide,  which  altered  to 
sulphate  and  eventually  to  carbonate,  both 
relatively  insoluble,  migrated  little  if  any. 
Tire  silver  sulphate  in  large  part  probably 
reacted  with  chlorides  in  the  waters,  producing 
the  slightly  soluble  silver  chloride,  and  it,  too, 
migrated  little.  Iron  and  zinc  sulphates,  on 
the  other  hand,  are  easily  soluble  and  migrate 
roadily,  though  in  the  presence  of  abundant 
oxygen  the  iron  sulphate  may  change  to  the 
hydrous  iron  oxide,  which  has  little  tendency' 
to  migrate.  Tho  sulphate  solutions  pass  down¬ 
ward  under  tho  influence  of  gravity  and  eventu¬ 
ally  pass  out  of  tho  original  ore  body,  usually 
into  the  footwall  along  structural  breaks  or 
bedding  plaues.  On  coming  in  contact  with 
limestone  the  zinc  is  precipitated  as  carbonate  or 
basic  carbonate,  the  ferrous  iron  is  precipitated 
as  carbonate,  and  any  ferric  iron  present  is 
probably  precipitated  as  hydrous  ferric  oxide.1 
The  ferrous  iron  and  zinc  may  ho  precipitated 
together,  as  in  the  Tintic  district,  as  the  iron- 
zinc.  carbonate  monheimite.  The  relative  pro¬ 
portion  of  the  metals  in  the  mineral  is  probably 
dependent  on  their  relative  concentration  in 
thesolution.  The  carbonate  thus  formed  may 
subsequently  alter  to  limonitc,  calamine,  hy¬ 
drozincite,  aurichalcite,  and  probably  other 
minerals. 

If  the  solutions  in  their  downward  journey 
do  not  encounter  limestone  but  traverse 
quartzite  or  other  siliceous  materials  the 
medals  show  little  tendency  to  precipitate  and 
are  probably  either  carried  away  in  solution 
or  are  so  dispersed  before  precipitation  that 


i  Kjiopf.  Adolph,  Mineral  reaourws  til  tho  Inyo  amt  While  mountains, 
Cal.:  U.  6,  Gcol.  Survey  Dull.  MO,  p.  Its.  I  till. 
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they  do  nut.  form  deposits  of  economic  impor¬ 
tance.  Under  favorable  conditions  thesolutions 
might  travel  for  some  distance  through  sili¬ 
ceous  beds  without  being  dispersed  nnd  on 
coming  in  contact  with  limestone  might  form 
commercial  deposits. 

The  most  fuvornble  conditions,  then,  for 
tho  formation  of  oxidized  zinc  ores  fire  where 


Kkjukb  34.— Dki^roin  showing  a  condition  favomblo  lo  tho  formation 
of  oxldlwd  fine  deposits. 


the  primary  ores  are  underlain  by  limestones 
or  dolomites  which  are  free  from  insoluble 
impurities,  and  into  which  the  downward- 
moving  solutions  from  the  oxidizing  sulphides 
xnuy  pass.  (See  fig.  34.)  Tho  purity  of  the  lime¬ 
stone  probably  has  an  important  effect  on  the 
value  of  tho  deposits,  both  because  any  sili¬ 
ceous  impurities  would  doubtless  remain  in  the 
carbonate  ore  and  thus  reduce  its  value,  and 
because  the  precipitating  effect  of  impure 
limestones  is  probably  much  less  than  that  of 
the  relatively  pure  limestone,  as  it  apparently 
is  in  primary  deposits  (p.  174). 

Under  the  most  favorable  conditions. impor¬ 
tant  secondary  zinc  deposits  may  form  from 
primary  deposits  containing  only  a  small 
percentage  of  zinc.  Thus  Knopf1  has  shown 
that  in  the  Cairo  Gordo  mine  largo  bodies  of 
oxidized  zinc  ores  have  been  formed  by  the 
alteration  of  sulphide  bodies  containing  only 
1  to  2  per  cent  of  sphalerite. 

In  Utah  considerable  zinc  is  present  in  the 
primary  deposits  of  many  districts  but  impor¬ 
tant  secondary  zine  deposits  have  been  de¬ 
veloped  in  but  few,  the  principal  ones  being 
the  North  Tintic,  Tintic,  Ophir  (Dry  Canyon), 
Promontory,  Big  Cottonwood,  and  Star  dis¬ 
tricts.  The  Park  City  and  Bingham  districts 
contain  primary  deposits  sufficiently  rich  in 
zinc  to  be  mined,  but  so  far  ns  known  the 


oxidation  of  these  deposits  has  not  formed 
extensive  carbonate  deposits.  This  apparent 
lack  may  be  due  to  the  fact  that  in  the  Park 
City  districts  some  of  the  principal  deposits 
lie  but  a  short,  distance  above  the  great  Wober 
quartzite,  and  that  in  tho  Bingham  district 
most  of  them  occur  in  lenses  of  limestone  in  the 
Bingham  quartzite.  In  both  localities  solu¬ 
tions  passing  downward  from  tho  deposits 
would  enter  tho  siliceous  rocks  and  would 
probably  bo  dispersed.  (See  fig.  35.)  In  the 
Tintic,  Ophir,  and  Star  districts,  on  the  other 
hand,  tho  developed  zinc  deposits  are  so 
situated  that  tho  solutions  from  the  oxidizing 
sulphide  bodies  onter  limestone  and  preeipitato 
their  zinc  close  to  the  primary  ore  bodies. 

Some  deposits  in  which  oxidized  zinc  ores 
have  not  yet  been  found  in  large  amount  seem 
favorable  for  their  formation,  ns,  for  instance, 
some  of  the  deposits  in  the  limestone  in  the 
Little  Cottonwood  district.  Oxidized  zine 
minerals  are  known  to  occur  in  that  district, 
but  as  yet  no  large  deposits  have  been 
developed. 

GOLD  DEPOSITS, 

Important  gold  deposits  of  the  replacement 
fissure  type  in  the  sedimentary  rocks  occur  in 
but  few  districts.  In  the  Mercur  district, 


FfouriK  ISO.— Diagram  showing  n  condition  unfavorable  to  tho  tonio- 
tion  of  oxidized  zinc  deposits. 

however,  deposits  of  this  type  have  yielded 
a  largo  output,  and  in  other  districts,  notably 
in  the  Deertrail  mine  in  the Marysvale  district, 
ores  have  been  developed. 

Whether  or  not  surface  alteration  bus  caused 
important  changes  in  the  gold  content  of  the 
ore  is  difficult  of  proof.  In  the  Mercur  district 
the.  gold  is  so  finely  divided  that  neither  free 
gold  nor  gold  minerals  have  ever  been  recog¬ 
nized,  and  consequently  it  has  not  been  possible 
to  determine  tho  relation  of  the  gold  to  other 


1  KnopI,  Adolph,  op.  alt.,  p,  107. 
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constituents  of  the  ore.  On  tlie  basis  of  the 
,r0Id  content  the  evidence  seems  conflicting. 
The  ore  contains  quite  as  much  gold  at  or 
eery  near  the  outcrop  of  the  ore  bodies  as  at 
any  greater  depth,  indicating  that  there  has  ! 
been  no  important  leaching  from  the  surface 
zone  with  reprecipitation  at  greater  depth. 
On  the  other  hand,  as  the  depth  below  the 
outcrop  of  the  deposit  increases  there  is  in 
general  a  decrease  in  the  gold  content,  though 
there  is  no  notable  change,  in  the  character 
of  the  material  after  the  sulphide  zone  is 
reached.  This  decrease  in  gold  content  down¬ 
ward  may  ho  interpreted  ns  meaning  that 
there  has  been  enrichment  near  the  surface 
due  to  oxidation  processes,  or  that  more  inotnl 
was  originally  deposited  at  higher  horizons. 
From  the  evidence  now  nvailnblo  no  definite 
conclusion  seems  justified. 

DEPOSITS  IX  VOLCANIC  ROCKS. 

SILVER-LEAD-ZINC-COPPER  DEPOSITS. 

Deposits  in  the  volcanic  rocks  containing 
lnrge  amoimts  of  silver,  lend,  zinc,  and  copper 
are  confined  to  the  San  Francisco  district  and 
the  Tushar  Range,  and  important  production 
is  confined  to  the  San  Francisco  district  alone. 

The  Horn  Silver  mine,  which  presents  an 
excellent  example  of  the  changes  due  to 
oxidation,  is  the  only  deposit  of  the  type  in 
the  State  that  has  been  studied  in  detail. 
The  deposit  is  a  replacement  of  breccia  ted 
volcanic  rock,  which  forms  tho  hanging  wall  of 
a  fault  fissure  whose  foot-wall  consists  of  lime¬ 
stone.  Its  geologic  relations  are  such  that  the 
oxidizing  solutions  have  passed  to  the  ores 
through  the  volcanic  rocks  rather  than  through 
the  limestone,  and,  except  along  fractures,  have 
apparently  penetrated  but  a  short  distancoiuto 
the  limestone.  The  unusual  phenomenon  is 
thus  presented  of  au  oro  body  that  has  formed 
in  siliceous  rock  rather  than  iu  adjoining  lime¬ 
stone. 

The  primary  ore  consists  of  sulphides  of 
iron,  lead,  zinc,  and  copper  and  some  anti¬ 
mony  and  arsenic  minerals  and  silver  in  an  un¬ 
determined  mineral  combination.  The  gongue 
is  mainly  quartz  and  barite  aud  altered  vol¬ 
canic  rock.  In  alteration  the  sulphides  are 
first  oxidized  to  sulphates.  As  there  is  little 
or  no  carbonate  in  tho  gnngue  and  apparently 
little  in  the  solutions,  alteration  from  sulphates 


to  carbonates  has  been  slight.  Most  of  the 
lend  of  the  oxidized  ores  occurs  as  nnglcsite, 
and  nuu  h  of  tho  copper  occurs  as  tho  basic 
|  sulphate,  brochantite;  the  more  complex  sul¬ 
phates  plumbojarositc,  beuverite,  and  linaritc 
aro  also  present.  Chlorine  is  abundant  in  the 
waters  and  has  combined  with  the  silver  to 
form  cerargyrite,  the  principal  silver  mineral 
in  the  oxidized  ores.  The  lead  sulphate  and 
tho  silver  chloride  are  both  relatively  insoluble 
and  neither  has  migrated  mneh.  The  soluble 
iron,  zinc,  and  copper  sulphates  have,  on  tho 
other  hand,  boon  curried  downward  jn  lame 
part.  Some  of  the  copper,  as  already  noted, 
forms  the  relatively  insoluble  basic  sulphate, 
which,  however,  breuks  down  under  ncar- 
surfaco  conditions.  Sonic  of  tho  iron  is  oxi¬ 
dized  to  hydrous  ferric  oxides. 

A  largo  part  of  tho  iron  sulphate  and  prob¬ 
ably  much  of  the  zinc  sulphate  has  apparently 
been  carried  away  in  solution  and  dispersed. 
Part  of  the  zinc,  however,  was  rcprecipifcntcd 
in  the  sulphide  zone  as  the  hexagonal  sulphide 
wurtzite,  usually  forming  in  zones  of  brecciuted 
ore  and  frequently  surrounding  grains  of 
sphalerite.  (See  PI.  XVII.)  Tho  cause  of 
precipitation  is  believed  to  be  essentially  as 
follows:1  Tho  solutions  passing  from  the 
oxidizing  zone  contain,  in  addition  to  zinc 
sulphate,  sulphuric  acid  and  hydrogen  sulphide. 
As  the  solntions  pass  to  deeper  levels  their 
acidity  is  reduced  by  reaction  with  alkaline 
solutions  from  the  adjaceut  rocks  or  with  the 
alkaline  silicates  of  the  gangue  minerals. 
This  reduction  of  acidity  causes  the  precipita¬ 
tion  of  a  part  of  the  zinc  as  wurtzite.  The 
precipitation  apparently  takes  place  slowly 
and  the  zone  of  sulphide  enrichment  of  zinc  is 
deep. 

When  the  solutions  have  passed  below  the 
zone  of  oxidizing  conditions  their  copper  con¬ 
tent  reacts  with  tho  zinc,  iron,  and  lead 
sulphides,  forming  covcllifo  and  chalcocite, 
principally  covellite.  This  reaction  takes  place 
much  more  rapidly  than  the  reduction  of  the 
zinc,  aud  consequently  tho  zone  of  enriched 
copper  sulphides  is  relatively  shallow  and  the 
copper  itself  is  probably  much  more  completely 
precipitated. 

Owing  to  this  difference  in  precipitation  and 
to  the  fact  that  the  secondary  copper  sulphide 

l  ButJtr,  B.  S.,  Geology  and  orn  ilepoolu  of  the  Ban  Francixo  and 
adjacent  districts  I’Uh:  U.  8.  Guo).  Survey  Prof.  PafM?r^>,  p.  l<St#  IBM. 
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is  largely  formed  by  the  replacement  of  the 
zinc  sulphide,  the  secondary  copper  ores 
generally  overlie  the  zinc  ores,  though  of  course 
with  many  irregularities.  The  general  vertical 
arrangement  of  the  ores  (see  fig.  36)  begins 
with  oxidized  lead-silver  ores  at  the  top. 
followed  in  turn  by  oxidized  lead-copper  ores. 


Fwt'BX  3>j. — Diagram  showing  tb«  soff'Jenco  o(  tho  different  zonu  la 
the  Horn  Silver  mine,  a,  Oxidiurt  lead-silver  010:  6, oxidized  copper 
nro;  c,  onriehedsuJphido  copper  ores:  J,  enriched  sulphide  tine  ores; 
(,  primary  mlx«l  sulphides. 

enriched  sulphide  copper  ores,  enriched  sul¬ 
phide  zinc  ores,  and  primary  mixed  sulphide 
ores. 

GOLD- SILVER  DEPOSITS. 

Gold-silver  deposits  in  the  volcanic  rocks 
have  been  productive  in  the  State  Line-Gold 
Springs  districts  and  in  the  Tushur  Range. 
At  tho  time  these  districts  were  examined 
very  few  of  the  gold-silver  veins  were  being 
mined  or  developed  and  there  was  littlo  oppor¬ 
tunity  to  study  the  changes  at  depth.  The 
primary  ore  occurs  as  shoots  in  the  veins,  and 
it  is  difficult  to  tell  whether  the  decrease  in 
metal  content  with  depth  in  individual  de¬ 
posits  is'  due  to  surface  alteration  or  to  differ¬ 
ences  in  the  original  ore.  Nowhere  in  the 
State  have  operations  in  this  type  of  ore  been 
carried  below  600  feet  and  much  of  them  not 
below  300  feet.  Most  ore  bodies  contained  as 
much  metal  at  the  outcrop  or  very  near  the 
surface  as  at  any  greater  depth,  and  so  far  us 
can  be  learned  the  decrease  in  value  with 
depth  was  general-  This,  however,  did  not 


cause  the  closing  of  all  the  mines;  several  were 
closed  on  account  of  inflows  of  water  that  were 
too  large  to  be  profitably  pumped. 

Part  of  the  gold  and  silver  occurred  as 
selenide  and  telluridc.  Part  of  the  gold  was 
probably  native  and  some  of  the  silver  occurred 
as  sulphide.  In  alteration  the  silver,  for  the 
most  part  at  least,  formed  chloride  and  the 
gold  minerals  metallic  gold.  A  little  native 
silver  is  reported  from  the  deposits  but  is  of 
slight  importance.  As  there  is  no  leached 
zone  at  the  outcrop,  it  is  not  probable  that  the 
migration  of  the  gold  and  silver  was  extensive. 

Tho  absence  of  important  placers  associated 
with  the  deposits  might  be  interpreted  as 
indicating  downward  migration  of  the  gold. 
More  probably,  however,  the  gold,  which  is 
finely  disseminated  in  a  quartz  or  silicate 
gangue  with  little  sulphide,  has  not  been  freed 
from  the  gangue  minerals  on  weathering  and 
has  been  carried  away  in  the  silicate  debris. 

SUMMARY. 

The  processes  of  oxidation  have  had  very 
different  effects  on  the  different  metals  but 
have  ordinurily  enriched  e-ach  of  the  principal 
metals  in  some  portion  of  tho  resulting  deposits 
by  tho  rearrangement  and  removal  of  tho 
constituents. 

GOLD. 

So  far  as  known  gold  has  migrated  but  little 
during  oxidation,  though  the  relative  richness 
of  some  of  the  secondary  sulphides  indicates 
some  downward  movement.  There  has  been 
some  concentration  of  gold  in  the  upper  portion 
of  the  zone  of  oxidation  by  the  removal  of 
other  constituents,  and  probably  there  has  been 
some  mechanical  concentration  at  and  near  the 
surface.  Perhaps  the  most  important  effect  of 
the  oxidation,  however,  has  been  to  make  tho 
gold  much  more  readily  recoverable  by  ordi¬ 
nary  milling  treatment. 

SILVER. 

Tho  migration  of  silver  has  apparently  been 
slight,  probably  owing  to  the  fact  that  the 
surface  waters  of  most  of  the  districts  contain 
abundant  chlorine  and  that  the  insoluble  silver 
chloride  is  readily  formed.  The  enrichment 
has  resulted  chiefly  from  the  removal  of  other 
constituents  in  the  upper  part  of  tho  zone  of 
oxidation.  Under  favorable  conditions  there 
has  doubtless  been  some  downward  movemont 
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of  silver  and  some  concentration  in  the  /.one 
of  sulphide  enrichment.  The  oxidation  of  the 
silver  ores,  however,  rendered  them  much  more 
amenable  to  milling. 

COPPER. 

Much  of  the  copper  oro  of  the  State  has 
resulted  directly  from  oxidizing  processes.  The 
primury  material  in  mnrijr  of  the  deposits  hns 
proved  to  ho  of  too  low  grade  for  proli table 
treatment.  During  oxidation  the  copper  was 
carried  downward  uud  was  precipitated  at 
lower  levels  us  cither  carbonate  or  secondary 
sulphide.  Tho  upper  portion  of  the  enriched 
sulphide  zone  was  commonly  altered,  to  native 
metal,  oxides,  and  carbonates.  In  the  early 
davsof  copper  mining  in  the  T'nitcd  States  the 
carbonate  and  oxido  ores  were  much  more 
cheaply  treated  than  the  sulphide  ores.  Wien 
the  industry  becamo  important  in  Utah,  how¬ 
ever,  the  smelting  of  sulphide  ores  was  well  de¬ 
veloped,  and  the  low-grade  sulphide  ores  are,  at  j 
present,  more  readily  treated  than  oxidized  ores. 

LEAS. 

The  principal  oxidation  products  of  lead — 
corusite  and  nnglesi tc — are  very  slightly  solu¬ 
ble,  and  loud  has  moved  little  during  oxidation. 
In  many  of  tho  deposits,  however,  tho  lead 
content  in  the  upper  portion  of  the  deposits 
has  been  incrcnsed  by  the  removal  of  other 
constituents,  and  the  character  of  the  ore  has 
been  greatly  improved  by  the  removal  of  ob¬ 
jectionable  constituents.  This  alteration  was 
especially  important  in  simplifying  metallurgic 
processes  for  the  treatment  of  the  lead-silver 
ores  during  early  development. 

zixc. 

Zinc  has  migrated  very  extensively  during 
oxidation  and  doubtless  much  of  that  contained 


in  the  original  deposits  hns  been  dispersed  and 
lost.  Only  under  favorable  conditions  has  zinc 
been  concentrated  during  oxidation. 

Oxidation  of  the  primary  sulphido  formed 
the  very  soluble  sulphate,  which  was  enrried 
downward.  When  it.  came  into  contact  with 
limestone  the  metal  was  precipitated  as  the 
relatively  insoluble  carbonate  or  basic  carbon¬ 
ate;  and  when  it  passed  into  tho  sulphido  zone, 
as  in  tho  Horn  Silver  mine,  it  was  deposited 
ns  secondary  sulphide.  Some  valuable  zinc 
deposits  have  resulted  from  the  alteration,  and 
the  ores  of  the  other  metals  have  been  improved 
by  the  removal  of  the  zinc. 

IROK 

Deposits  in  which  the  primary  iron  minerals 
were  mainly  oxides  have  been  little  changed 
by  oxidation  processes,  but  deposits  composed 
largely  of  pyrite  have  been  greatly  changed, 
j  In  tho  deposits  in  limestone  migration  of  the 
iron  hns  apparently  been  relatively  slight,  most 
of  it  changing  to  the  hydrous  oxido,  but  thero 
has  probnbly  beon  some  enrichment  from  the 
romovul  of  other  constituents.  Some  move¬ 
ment  of  the  iron  is  indicated  by  its  precipitation 
with  zinc  in  secondary  deposits.  Migration  of 
iron  on  a  large  scale  is  illustrated  by  the  Tintic 
or  Drugon  iron  mine,  where  iron  derived  from 
the  oxidation  of  pyritized  volcanic  rock  moved 
downward  and  formed  a  large  replacement 
body  in  the  underlying  limestone.  In  non- 
culcurcous  rocks  migration  has  apparently  been 
much  greater.  In  some  places  it  hns  appar¬ 
ently  been  largely  dispersed,  but  in  other  places 
it  may  lmve  been  precipitated  along  fissures  or 
other  openings  ns  hydrous  oxide  concentrated 
from  disseminated  sulphides. 
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WASATCH  RANGE. 

REGION  NORTH  OF  OGDEN, 
fly  G.  !•'.  I.ougdlin*. 

BEAR  RIVER  RANGE. 

GENERAL  FEATURES. 

Nor tii  of  Ogden,  tlio  Wnsatch  Mountains,  as 
defined  by  tho  United  Stntes  Geographic 
Board,  consist  of  two  distinct  parallel  ranges 
which  arc  separated  by  depressions  4  to  10 


miles  wide.  (See  PI  I,  in  pocket.)  Tho  eastern 
range  is  often  called  the  Bear  River  Range  or 
Plateau. 

The  Bear  River  Range  or  Plnteau  extends 
north  from  latitude  41°  45'  to  latitude  42°  45', 
between  Cache  Valley  on  the  west  and  Bear 
Lake  valley  on  the  east.  Its  length  is  approxi¬ 
mately  120  miles  and  its  nverage  width  10  to 
15  miles. 

The  Bear  River  Range  includes  the  Garden 
City  or  Swan  Creek  district  in  Rich 
County  aud  the  districts  of  tho 
Hyrum- Paradise  region  in  Cache 
County.  (See  fig.  37.)  Production 
from  these  districts  comprises  small 
shipments  of  load  and  zinc  ore  and 
a  little  copper  ore,  all  low  in  silver 
and  gold  and  typical  of  deposits 
formed  remote  from  important  ig¬ 
neous  intrusions.  Tho  period  of 
mineralization  has  not  been  deter¬ 
mined  from  local  evidence. 


i 


GEOLOGY. 


STRUCTURE. 


Fwubf.  37.— Map  showing  relation  of  mining  prospects  to  Bear  River  Range  and  ovrr- 
thnist.  Tho  margin  ot  tho  ovettirust  block  is  ludicatod  by  tho  heavy,  broken  line. 
(After  It,  W.  Richards  ) 
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Thegeologicstructuroof  therange 
as  a  whole  has  not  been  worked  out, 
but  data  collected  by  the  geolo¬ 
gists  of  the  Hayden  Survey^  indi¬ 
cate  that  it  is  synclinal,  the  young¬ 
est  rocks  occupying  the  center  of 
the  trough.  The  eastern  flank  con¬ 
sists  of  a  great  ovorthrust  block  of 
folded  and  broken  Middle  Cam¬ 
brian  to  Mississippian  limestones 
and  quartzites  that  rests  on  rocks  in 
part  of  Triassic  age.  The  magnitude 
of  the  thrust  is  indicated  by  tho  fact 
that  it  is  traceable  for  about  100 
miles,  from  near  Woodruff,  Utah, 
to  north  of  Soda  Springs,  Idaho  (see 
fig.  38),  practically  coextensive  with 
the  nmge  itself.  The  direction  of 

1  Tho  notes  an  Ibo  geology  of  tho  I'i  nr  River  R*a|f» 
and  on  (ho  ore  deposits  of  ihei  astern  slope  are  con. 
densed  from  a  report  by  R.  W.  Richards,  O.  8,  Geol. 
Survey  Bull.  -170,  pp.  177-187, 1011. 

5  Peale,  A.  C.,  Geology  of  tho  Green  R.r»r  dsrtrtel; 
V.  S.  Gcal,  nnd  Gcug.  Survey  Terr.  Eleventh  Ana. 
Rep*.,  pp.  5S7-5S0,  IsTJ. 
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movement  is  toward  the  cast  and  the;  maximum 
apparent  displacement  is  about  II)  miles.  The 
dip  of  the  fault  plane  dot's  not  averugo  over 
10°  although  locally  it  exceeds  that  amount. 
In  general  the  fault  is  not  expressed  in  the 
topography,  but  west  of  Lanark,  Idaho,  a  re¬ 
treating  scarp  bears  evidence  of  erosion.  In 
the  vicinity  of  St.  Charles  and  Paris.  Idaho, 
the  strata  along  tho  oastern  margin  of  the 
thrust  block  form  an  anticline  paralleled  on 
the  west  by  a  syncline,  anil  the  minorul  de¬ 
posits  in  that  neighborhood  are  on  the  inter¬ 
vening  monocline,  which  dips  20°  to  20°  W. 

STRATIGRAPHY. 

The  main  mass  of  the  Bear  Rivor  Rungo  is 
mode  up  of  Paleozoic  sediments  ranging  in 
age  from  Middle  Cambrian  to  Mississipnian. 
Rocks  of  probable  Triassic  age  underlie  the 
ovorthrust  block  on  the  east,  and  patches  of 
Tertiary  lake  beds  lie  on  tho  summits  and  in 
u  terrace-like  fringo  about  the  lowor  hills.  No 
igneous  rocks  are  known  in  tho  range  proper, 
but  its  northern  end  is  embayed  by  basaltic 
flows  of  post-Plioceno  and  possibly  late  Quater¬ 
nary  timo.  The  mineral  deposits  are  found 
particularly  at  the  base  of  the  Middle  (  am- 
brian  Uto  limestone. 

ORE  DEPOSITS. 


not  associated  with  either  tho  load  or  the 
copper  ores. 

Shipments  of  oro  have  been  made  from  two 
localities — the  Boulder  Bonanza-Humming 
Bird  group,  west  of  Parts,  Idaho,  und  tho 
Blackstono  mine,  west  of  St.  Charles,  Idaho. 
Tho  shipments  from  the  former  group  amount 
to  loss  than  100  tons,  part  ly  load  and  partly  cop- 
perore;  and  from  the  latter  to  about  800  tons 
of  high-grade  concentrates. 

The  Victoria  No.  1  prospect  on  Swan  Creek, 
a  short  distance  south  of  the  Utah-Idaho  line, 
is  said  to  be  the  center  of  a  group  of  eight 
claims.  The  wall  rock  is  massive  limestone. 
The  ore  consists  of  malachite,  aznritc,  accom¬ 
panying  barite,  and  calcito  in  a  much  brocciated 
zouo  approximately  parallel  to  tho  stratification 
of  tho  beds.  Rccrj'stallization  or  marbloi/.ing 
of  the  limestone  appears  at  the  samo  horizon 
100  yards  or  more  to  tho  south. 

The  amount  of  ore  at  this  place  has  not  yet 
been  proved  to  bo  sufficient  to  bo  conuncr- 
cially  valuable.  Up  to  10 IS  prospecting  hud 
been  carried  on  for  nearly  20  years.  None  of 
the  deposits  appear  to  be  promising,  but  the 
locality  is  of  interest,  for  it  shows  tho  continua¬ 
tion  of  the  mineralized  zone  in  association  with 
the  sedimentary  rocks. 

WESTERN  SLOPE  (HYBUJi-PARADISE  REGION). 


EASTERN  SLOPE  (SWAN  CREEK  DISTRICT). 


By  V.  C.  Heikes. 


The  mineral  deposits  of  tho  eastern  slope  of 
tho  Bear  River  Range  lie  in  tho  Garden  City 
or  Swan  Creek  district  in  Utah  and  to  the  north 
in  Idaho.  They  have  been  known  and  pros¬ 
pected  for  15  or  20  years  and  the  prospect  pits 
oro  scattered  from  the  vicinity  of  Woodruff, 
Utah,  to  Soda  Springs,  Idaho.  Tho  lead  ores, 
which  consist  of  galena  with  small  amounts  of 
cerusite  and  wulfcnite  in  a  gangue  of  iron- 
stained  calcito  and  -dolomite,  ore  found  at 
Swan  Creek,  Utah,  und  near  St.  Charles  and 
Paiis,  Idaho.  They  appear  to  bo  tabulai  re¬ 
placement  deposits  in  limestone,  move  or  less 
parallel  to  tho  bedding  and  cut  and  limited  by 
fissures. 

The  copper  ores  consist  maiidy  of  tho  carbon¬ 
ates,  azurite  and  malacliitc,  in  quartz  \eLns 
and  locally  of  the  sulpharsenite  and  sulphanti- 
monite,  tennanlite  and  totrahedritc,  in  a 
breed  at  ed  quartz  and  jasper  gangue.  ®ot’ 
modes  of  occurrence  are  found  in  quartzites  o 
probable  Cambrian  age.  Igneous  rocks  aie 


Ilyrum  is  in  Cache  County,  near  the  mouth 
of  Blacksmith  Fork  Canyon,  on  a  branch  line 
of  the  Oregon  Short  Line  Railroad.  (See  fig. 
37.)  Logon,  the  county  sent,  is  0  miles  north, 
and  Paradise,  a  small  village,  4  miles  south  of 
it.  All  three  villages  are  on  the  east  side  of 
Cache  Valley,  near  the  foothills  of  the  Bear 
River  Range,  at  altitudes  of  about  4,500  feot 
anovc  sea  level.  The  length  of  Cache  Valley 
from  Paradise  U)  the  Utah-Idaho  line  is  nearly 
50  miles,  and  its  width  ranges  from  6  to 
16  miles,  averogo  12  miles.  Muddy  Creek, 
Blacksmith  Fork,  High  Fork,  Gros  Bois  bork, 
and  Logans  Fork,  all  small  streams,  flow  into 
the  valley  from  the  Bear  River  Mountains  on 
the  east,  and  Rush  Creek  enters  it  from  the 


1  amounts  of  ores  containing  gold,  silver, 
lead,  and  zinc  have  been  shipped  from 
md,  Smithfield,  Logan,  Ilyrum,  Para- 
nd  La  Plata.  Shipments  in  the  early 
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nineties  were  largely  of  lead  oro  from  the  La 
Plata  region,  where  the  Suudown,  La  PluU, 
Silver  King,  and  Lead  King  properties  are 
situated. 

A  sheep  herder  is  reported  1  to  havo  found 
the  first  mo  in  the  La  Plata  claim — a  boulder 
weighing  about  150  pounds,  consisting  princi¬ 
pally  of  galena.  A  shaft  sunk  boro  to  a 
dopth  of  165  feet  and  a  tunuel  driven  for  about 
100  feet  on  the  Sundown  claim  found  no  ore. 
At  another  place  south  of  the  tunnel,  on  the 
Sundown  claim,  some  copper  croppings  were 
found  and  slightly  developed  without  any 
particular  result.  It  is  reported  that  the 
Sunrise  claim  has  been  developed  by  an  incline 
shaft  100  foot  deep  that  shows  somo  galena, 
and  that  the  Yellow  Jacket,  shows  low-grade 
carbonate  lead  ore.  According  to  J.  F. 
Hoald,2  the  Utah  &  Idaho  Mining  Co.,  prede¬ 
cessor  of  the  Silver-Ivead  Mines  Co.,  shipped 
over  8  tons  of  ore  from  the  same  property  that 
averaged  76  per  cent  load  and  2  ounces  of  silver  , 
to  the  ton. 

In  1008  the  Silver-Lead  ilines  Co.  producod 
from  the  Lead  King  property  near  Avon, 
a  village  4  miles  south  of  Paradise,  18  tons  of 
ore  containing  36.3  per  cent  of  lead  and  1 
ounce  of  silvor  per  ton.  From  the  Lucky 
Star  claim,  at  the  hoad  of  the  left  fork  of 
Blacksmith  Fork  Canyon,  about  13  miles 
east  from  Hynim,  10  tons  of  load  sulphide  oro 
was  shipped  containing  46.3  por  cent  of  lead, 
3.9  ounces  of  silver  per  ton,  and  1 .5  per  cent 
of  copper  and  from  the  Tip  Top  claim  about  17 
tons  of  zinc  carbonate  averaging  29.92  por  cent 
of  zinc,  6.3  por  cent  of  lead,  and  0.6  ounce  of 
silvor  per  ton. 

In  August,  1915,  a  new  zinc  deposit  was 
discovered  about  3 5-  miles  east  of  Hyruin, 
and  about  a  mile  south  of  Blacksmith  Fork 
Canyon  in  an  oxidized  iron  cropping  on  an  old 
gold  location  known  as  the  Moon  claim. 
Some  of  the  early  samples  assayed  42  per  cent 
of  zinc.  A  carload  rotiirncd  tho  owners  28 
per  cent  of  zinc  and  a  second  car  about  22 
per  cont.  With  better  sorting  a  bet  ter  grade  of 
oro  might  be  shipped.  The  claim  is  300  to  400 
feet  higher  than  Ilyrum  and  is  reached  by 
steeply  inclined  mads.  Tho  oro  is  in  blue 
limestone,  with  overlying  quartzite  (?)  that 
dips  33°  E.  Tho  thickness  of  tho  ore-bearing 

1  Slmn,  R.  •.  ItandSooV  of  the  mines  of  Utah,  Salt  Lake  City, 

*  H«r»us)  eounnuaicalluu. 


limestono  could  not  bo  ascertained,  no  oj 
sures  being  visible.  Fossils  show  the  agi 
tho  limestone  to  be  Carboniferous. 

From  observations  at  a  few  shallow  open 
the  ore  appears  to  lie  in  a  certain  favorahle 
of  the  limestone  that  dips  toward  a  fis: 
filled  with  oxidized  iron.  This  fissure,  wl 
was  traceable  for  over  a  mile  to  tho  Moon  ; 
outcrop,  cuts  tho  limestone  beds  verlici: 
The  dark-colored  iron  samples  carry  2.S 
cont  of  zinc,  and  others  from  lighter-cole 
portions,  1.2  per  cent  of  zinc. 

MORGAN  MOUNTAIN. 

By  G.  F.  Louohlin. 

Morgan  Mountain  is  a  southward  contin 
tion  cf  the  Bear  Rivor  Range.  It  eompr 
the  Argenta  and  Morgan  districts. 

ARGENT  A  DISTRICT. 

OENERAE  FEATURES. 

The  Argenta  district  is  about  15  miles  < 
of  Ogden  and  6  miles  north  of  Peterson 
station  on  the  Union  Pacific  Railroad. 
principal  workings  are  on  the  slopes  south 
Little  Cottonwood  Crook,  a  tributary  of  We 
River.  Throo  properties,  owned  by  the  C 
bonate  Hill,  Carbonato  Gein,  and  Morg 
Argentine  mining  companies,  have  been 
most  active,  but  none  of  them  has  been  worl 
continuously.  The  first  shipment  of  orefr 
the  Carbonate  Hill  mino  was  made  in  19C 
and  small  shipments  have  boon  made  dur 
every  year  since  then.  A  few  shipmonts  hi 
beon  made  from  the  Carbonato  Gem.  Wf 
on  the  Morgnn-Argentino  property  up  to  1( 
consisted  only  of  development. 

GEOLOOY. 

Tho  formations  in  tho  vicinity  of  the  mb 
include  pro-Cambrian  granite  schist  and  gnoi 
Cambrian  quartzite,  and  Paleozoic  limestoi 
Tho  pre-Cambrian  rocks  lio  west  of  tho  mil 
in  the  low  fool  lulls,  and  are  bounded  on  ( 
west  by  Tertiary  and  Quaternary  strata.  < 
tho  east  they  are  overlain  by  Cambrian  qunr 
iteand  conglomerate  which  flip  from  vertical 
steeply  eastward.  Tho  quartzite  is  overU 
by  shulo,  and  tho  shale  by  a  great  thicknoss 
limestono  which  also  dips  steeply  oostwai 
Tho  lower  limestono  beds  havo  the  litholog 

»  Heiko*,  V.  C„  U  S.  Geul.  Survey  JUm-ral  Rocurcus,  M05,  p.  *».  I 
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characters  common  to  the  Middle  Cambrian 
limestones  of  Utah.  The  upper  (eastern)  beds 
contain  lower  Mississippian  fossils,  the  only 
fossils  found  in  the  district.  Between  tho 
Mississippian  and  Cambrian  other  ages  may  bo 
represented,  but  the  strata  are  poorly  exposed 
ami  largely  concealed  beneath  brush  and 
reddish  disintegrated  material  that  may  ho 
remnants  of  Tertiary  (Wasatch)  beds.  Tho 
Mississippian  limestono  passes  upward  into  a 
series  of  limestone,  limy  sandstone,  and  shulo 
beds,  many  of  them  red,  which  probably  repro- 
seut  the  Morgan  formation.  These  beds  are 
overlain  on  the  east  and  southeast  by  a  bed  of 
conglomerate  with  abundant  well-rounded  peb¬ 
bles,  which  dips  at  a  lower  angle  to  the  east  and 
is  overlain  by  the  Weber  quartzite.  No 
igneous  rocks,  other  than  tho  pre-Cambrian 
granite,  have  been  found. 

ORE  DEPOSITS. 

The  deposits  thus  far  worked  or  prospected 
aro  in  tho  limestone.  Those  of  the  Carbonate 
Hill  and  Carbonate  Gem  mines  are  in  Cambrian 
limestone;  thoso  of  the  Morgan  Argentine  are 
in  tho  Morgan  ( ?)  formation.  The  ore  occurs 
in  small  bunches  along  tho  bedding  and  along 
fissures  of  northwest,  northeast,  aud  east- 
west  trends.  Tho  ore  minerals  aro  galena, 
ccrusite,  pyrite,  and  limonite:  the  principal 
gnngue  minerals  ore  barite  and  more  or  less 
etdeite.  Fragments  of  smithsonite-limoni  te  ore 
were  found  on  tho  lower  dump,  and  jarosite 
was  found  on  tho  upper  dumps  of  the  Carbonate 
Hill  mine.  The  stdphido  ore,  so  far  as  seen, 
consists  of  fine-grained  galena  and  pyrite  in 
alxiut  equal  volumes;  the  oxidized  oro  is  a 
mixture  of  ccrusite  and  limonite,  the  latter  in 
such  largo  amount  that  somo  shipments  of  the 
ore  were  smelted  free  of  chargo  because  of  their 
fluxing  qualities.  Tho  average  contents  of 
shipments  from  the  Carbonate  Hill  mino  are 
silver,  2.7  ounces  to  the  ton;  lead,  10.9  per 
cent;  insoluble,  17.2  per  cent;  zinc,  2.7  per 
cent;  sulphur,  0.5  per  cent;  iron  .'13.4  per  cent. 
One  mineralized  outcrop  on  the  Morgan- 
Argentine  property  is  said  to  have  yielded  on 
assay  4  per  cent  of  copper,  but  assays  ot 
several  samples  show  tho  ore  from  this  property 
to  be  generally  similar  to  that  from  tho  Car¬ 
bonate  Hill  mino. 

The  mineral  composition  of  the  ore,  its  low 
silver  content,  and  the  general  absence  of  i 


I  quartz  in  the  ganguo  oro  characteristic  of  ore 
bodies  remote  from  intrusive  igneous  bodies. 
The  small  size  of  the  ore  shoots  thus  far  found 
is  evidently  duo  (o  the  unfavorable  character 
of  tho  inclosing  rock.  The  Cambrian  lime¬ 
stones  and  ulso  the  limestone  beds  of  the 
reddish  Morgan  ( ?)  lormation  nro  prevailingly 
i  impure  and  of  denso  texture,  and  therefore  not 
very  susceptible  of  replacement  by  tliis  type 
of  oro.  More  favorable  limestone  bods  are 
present  in  tho  Mississippian  bods  below  the 
Morgan  ( 0  formation,  but  so  far  as  known  no 
mineralized  fissures  have  been  found  in  them. 

MORGAN  DISTRICT. 

GENERAL  FEATURES. 

The  Morgan  district  is  north  and  east  of 
Morgan  on  trie  Union  Pacific  Knilroud.  Active 
prospecting  in  1913  was  confined  to  the  claims 
north  and  northwest  of  the  town  and  within  4 
miles  northwest  of  Morgan  station.  One  prop¬ 
erty,  the  Chicago-Utah,  nbout  8  miles  east  of 
tho  town,  was  active  a  few  yenra  earlier. 
Small  quantities  of  ore  containing  copper  and 
silver  wore  shipped  from  one  or  more  of  tho 
properties  in  1907  and  1908. 

GEOLOGY. 

The  geologic  formations  in  tho  district 
trend  north  and  most  of  them  dip  east.  They 
include  in  ascending  order  tho  lower  Missis¬ 
sippi  an  or  Madison  limestone,  which  includes 
a  fmv  red  sholy  and  sandy  beds,  the  Morgan 
formation,  prevailingly  red,  tho  Weber  quartz¬ 
ite,  and  tho  Park  City  formation,  which  in¬ 
cludes  the  principal  phosphate  beds  of  tho 
region.  Tho  workings  of  tho  Morgan-Crescent 
Mining  Co.  are  in  the  Madison  limestone; 
those  of  tho  Chicago-Utah  are  said  to  bo  east 
of  the  phosphate  bods.  No  igneous  rocks  were 
soon  by  tin  writer,  and  tho  only  ones  reported 
aro  a  few  "quartz  porphyry ’ ’  dikes  oast  of 
the  Morgan  Crescent  mine. 

OR.  DEPOSITS. 

All  tho  deposits  near  Morgan  station  nro  of 
the  same  general  type.  On  tho  Iron  King 
claim,  about  4  miles  northwest  of  Morgan,  the 
principal  allowing  is  a  vein  of  conrso-grainod 
calcito,  whoso  outcrop  strikes  about  N.  30° 
W.  obliquely  across  tho  northward-trending 
country  rock.  Its  continuity  is  concealed  be¬ 
neath  brush  and  talus,  and  no  work  has  been 
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done  along  it.  other  than  u  saullow  pit  at  the 
outcrop.  The  limestone  aod  shale  along  it  lire 
crisscrossed  with  ea.lr.ito  veinlots,  which  are 
accompanied  by  small  streaks  and  spots  of 
oxidized  copper  minerals.  Close  by  the  vein 
a  shale  bed.  similarly  mineralized  and  dipping 
70°  W.,  has  been  prospected  by  an  inclined 
shaft-  80  fret  deep,  and  has  yielded  specimens 
said  to  assay  very  high  in  gold.  No  continu¬ 
ous  ore  streaks  have  been  found,  however. 
Tho  shale  has  also  been  prospected  by  a  tunnel, 
at  a  level  800  feet  lower  than  the  shaft  collar, 
and  is  found  to  contain  local  sprinklings  of  very 
line  pvrito  crystals,  perhaps  accompanied  by 
(ino  specks  of  gold,  and  by  a  few  small  lenses 
of  quartz.  One  specimen  is  said  to  have 
assayed  over  $1,000  in  gold. 

The  Red  Eagle  and  Morgan  Consolidated 
claims,  about  a  mile  north  of  Morgan,  are  on 
what  appeal's  to  be  a  single  vein  striking  N. 
45°  W.,  which  consists  of  crushed  fragments 
of  impure  limestone  and  shalo  cemented  by 
inconspicuous  quartz  and  by  caleite  which 
contains  small  thickly  scattered  pyrite  crystals. 
No  replacement  of  the  rock  fragments  by  vein 
matter  is  evident.  The  width  of  the  vein  on 
the  Red  Eagle  clniin  is  about  4  feet,  and  on 
the  Morgan  Consolidated  workings  is  said  to 
reach  u  maximum  of  12  feet.  The  vein  near 
tho  surface  is  oxidized  to  a  yellow  oehorous 
material  with  a  few  green  copper  stains  and 
is  said  to  have  assayed  $50  a  ton,  presumably 
in  copper,  silver,  and  gold.  No  assays  of  the 
sulphide  ore  are  available.  The  character  of 
tho  ore  suggests  that  it  may  be  concentrated 
successfully. 

The  Morgan-Crescent  claim  lies  east  of  tho 
Rod  Eaglo,  well  up  tho  slope  of  a  high  hill. 
Tho  only  deposit  worked  up  to  1913  wus  a 
body  of  eopper-siJver-gold  ore  that  had  re¬ 
placed  a  bed  of  relatively  puro  limestone  in  a 
soiios  of  limy  shales  and  quartzite.  It  is  said 
to  liuvo  yield  od  about  $45  a  ton,  but  assays 
of  small  samples  reported  by  the  American 
Smelting  &  Refining  Co.  show  only  gold  0.6 
ounce  and  silver  0.2  to  0.3  ounce  to  the  ton  : 
copper,  0.1  por  cent;  iron,  53.3  to  55.6  por 
cent;  insoluble,  4.9  to  8  per  cent.  Tho  deposit 
is  marked  at  the  surface  by  a  strong  outcrop 
of  limonito  accompanied  by  malachite,  azurite, 
chrysocolla,  tonorito,  cuprite,  and  native  cop¬ 
per.  The  stopes  extend  a  short  distance  down 
the  dip  into  the  hill  and  ond  in  short  tongues 


and  pipes.  The  only  primary  (hypogene 
minerals  recognized  in  the  main  ore  bod) 
fine-grained  pyrite  and  a  few  doubtful  t: 
of  chaleopyrito.  A  small  body  of  mart* 
possibly  of  secondary  (suporgeno)  origin, 
found  at  the  down-dip  end  of  ono  stope, 
smuJl  amounts  of  galena  arc  found  along 
vertical  fissures  a  short  distance  beyond 
down-dip  ends  of  tho  stopes.  Tho  gu.) 
minerals  include,  besides  altered  liniast 
small  amounts  of  quartz,  barite,  and  on  lei' 
the  muin  stopas,  ami  calcite  associated 
galena  along  tho  vertical  fissures. 

The  source  of  tho  main  ore  body  is  in  do 
No  connections  between  it  and  the  gal 
calcite  fissures  havo  been  found.  It  there 
can  only  bo  suggested  that  before  the  s 
slope  of  the  hill  had  been  eroded  back  t< 
present  position,  solutions  similar  to 
which  formed  the  Red  Eagle  vein  rose  uloi 
fissure  and  spread  along  a  limestone  bed; 
subsequent  erosion  has  worn  away  the  con 
tion  between  the  bedded  deposit  and 
fissure,  concealing  the  fissure  beneath  ta 
and  that  oxidation  and  downward  concen 
tion  along  tho  dip  of  the  oro  body  accomptu 
tho  erosion  and  produced  a  small  isoh 
deposit  of  high-grade  copper-gold-silvor 

The  mineralogy  of  the  ores  in  the  Mot 
district  differs  from  that  of  most  others  ren 
from  intrusive  igneous  bodies  in  that  cop 
instead  of  lead  or  zinc,  is  the  principal  1 
metal  present  and  that  the  gold-silver  c 
tent  is  unusually  high.  Tho  gold-silver  f 
tent,  however,  and  the  copper  content  of 
Morgan-Crescent  mine  represent  second 
concentration  and  aro  not  fair  indications 
the  amount  of  these  metals  in  unoxidi 
ore.  The  unoxidized  ore  of  the  Red  Ec 
vein  indicates  a  low  copper  content,  and  i 
probable  that  tho  precious-metal  contont 
also  low.  The  ahsonce  of  marked  repla 
merit  action  by  unoxidized  oro  indicates  t: 
tho  ore-forming  solutions  were  weak,  and  t 
is  in  koeping  with  the  small  amount  of  qua 
and  tho  prominence  of  calcite  in  the  gang 
Tho  small  amount  of  galena  and  calcite  no' 
along  the  fissures  in  tho  Morgan-Crosci 
workings  are  a  further  indication  of  we; 
relatively  cool  solutions.  Marcnsite  is  I 
exceptional  in  Utah  ore  deposits  to  bo  of  mu 
significance,  but  its  modes  of  occurrence 
general  point  to  deposition  at  low  tempei 
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turcs.  It  is  improbable  that  such  solutions 
formed  extensive  ore  bodies,  except  where 
excessive  shattering,  as  in  the  Red  Eagle 
fissure,  or  an  ousily  permeable  limostono  bod, 
as  at  the  Morgan-Crescent  mine,  provided 
exceptional  conditions. 

BOX  ELDER ,  WILLARD.  AND  WEBER  DISTRICTS. 

GEOLOGY. 

By  G.  F.  Looc.nuw 

The  geology  of  the  Box  Elder,  Willard,  and 
Weber  districts  is  most  conveniently  considered 
as  a  unit.  The  formations  represented  include 
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Fiqcrs  S5.— Ceolosic  sketch  map  ot  Waxaich  R&agc  proper  Utwcrn 
Ogden  and  Brigham.  (After  BlncVweldcr,  with  minor  additions.) 


Archoan,  Algonkian,  Cambrian,  Carboniferous, 
and  Tertiary  rocks,  but  their  relations  are 
complicated  by  extensive  overthrusts  und  large 
east-west,  or  transverse,  normal  faults. 

Archcan  grauito  extends  southward  along 
the  range  from  Willard  to  a  point  east  of  Ilot 
Springs  and  is  exposed  in  smaller  masses  along 
the  foothills  east  of  Ogden.  (See  fig.  3S.)  A 
larger,  mass  of  it  extends  from  a  point  near 
Ogden  southward  for  several  miles.  Enst  of 
Hot  Springs  it  is  ovorthrust  upon  Cambrian 
limestone. 


The  Algonkian  outcrops  in  a  broad  belt  that 
extends  southeastward  from  Brigham  beyond 
the  latitude  of  Ogden.  On  the  east  it  is  over¬ 
lain  uncoufonnably  by  Cambrian  quartzite; 
on  the  west  it  is  ovorthrust  upon  Cambrian  and 
Carboniferous  rocks.  The  Algonkian  in  the 
Willurd  (and  also  in  the  Sierra  Madro  district, 
pp.  223-224)  comprises  in  ascending  order:  (l)  A 
lower  quartzite,  exposed  on  Eldorado  Peak,  in 
the  Sierra  Madre  district,  and  containing  in  its 
lower  part  two  prominent  beds  of  ferruginous 
scliist;  (2)  a  slate  full  of  quartz  lenses,  well 
exposed  on  the  divide  at  the  head  of  Willard 
Canyon  and  separated  from  the  lower  quartzite 
by  an  east-west  fault  along  the  north  side  of 
Eldorado  Peak ;  (3)  a  green  schist  specked  with 
minute  black  crystals  of  an  amphibole  which 
extends  southeastward  across  the  cirque  at  the 
head  of  Willard  Canyon;  (4)  a  dork-gray  finely 
“knotted"  scliist  that  forms  the  southwest 
slope  of  the  canyon  nnd  passes  just  north  of  the 
cirques;  and  (5)  an  upper  quartzite  with  inter¬ 
beds  and  partings  of  mica  scliist.  that  forms  the 
floor  of  lower  Willr.nl  Canyon,  nnd  tho  area  to 
the  north  and  east.  (See  fig.  38.) 

The  Cambrian  includes  two  formations:  Tho 
Brigham  quartzite  below  nnd  a  series  of  shales 
and  limestones  above.  It  occurs  in  two  belts, 
one  extending  southeastward  from  near  Brig¬ 
ham,  and  one  extending  more  southward  from 
Willard  to  Ogden  nnd  beyond.  Ordovician 
and  Inter  strata  he  oast  of  tho  Cambrian  lime¬ 
stones  near  Geneva  (Mantua)  but  urenat  present 
in  the  mineralized  part  of  the  region. 

The  Carboniferous  is  limited  to  nn  area  over  a 
mile  wide,  which  extends  for  about  a  mile  both 
north  and  south  of  Ogden  River.  It  is  over¬ 
ridden  on  the  east  by  Algonkian  rocks  and  ap¬ 
peal’s  on  the  west  to  he  overthrust  upon  Cam¬ 
brian  limestone.  Tertiary  conglomerate  and 
sandstone  cover  an  extensive  nrea  oust  of  the 
range.  (See  fig.  3S.) 

ORE  DEPOSITS. 

The  mineral  deposits  include  veins  in  all  the 
different  kinds  of  rocks,  and  a  few  bedded  re¬ 
placements  in  Cambrian  limestone.  Very  little 
ore,  however,  has  been  shipped  from  any  of 
these  deposits.  The  principal  metals  are  cop¬ 
per,  lead,  and  zinc,  and  small  amounts  of  silver 
and  gold.  Magnetite  deposits  have  been  pros¬ 
pected  in  tho  Willard  district 
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BOX  ELDER  DISTRICT. 

By  G.  I*'.  LoirntlMN  and  V.  C.  IIeikes. 

The  Box  Elder  district,  organized  October  2, 
1889,  is  in  Box  Elder  County,  near  Bakers,  a 
station  on  the  Oregon  Short  Lino  Railroad. 
One  property,  known  as  the  Mineral  Ridge, 
worked  for  years  under  different  names,  has  an 
aerial  tramway,  a  mill,  and  othor  improve¬ 
ments,  but  has  never  reported  any  production 
to  tho  United  States  Geological  Survey.  The 
property  lies  about  4  miles  north  of  Brigham, 
on  the  front  slope  of  tho  Wasatch  Range.  Its 
workings  consist  of  three  short  tunnels  and  a 
few  shallow  pits  along  a  crushed  zone  which 
strikes  N.  60°  E.  and  dips  about  50°  SE.  The 
country  rock  is  dark  bluish-gray  Cambrian 
limestone,  part  dolomitic  and  part  shaly.  The 
crushed  zone  is  25  to  30  feet  wide  and  is 
stained  yellowish  brown.  The  only  evidence 
of  mineralization  at  the  surface  is  a  few  veins  of 
columnar  and  banded  calcite,  or  travertine, 
which  is  common  in  the  vicinity  of  lead-zinc 
ores  low  in  silver. 

A  small  production  of  copper  ore,  carrying 
gold  and  silver,  was  reported  from  the  Box 
Elder  district  iu  1908  as  having  been  sold  to 
the  Independent  Smelting  Co.,  which  operated 
a  furnace  near  Ogden. 

WILLARD  DISTRICT. 

By  G.  P.  LoDanLi.v. 

'The  Willard  mining  district  includes  a  con¬ 
siderable  area  east  of  Willard  and  on  both 
sides  of  Willard  Canyon.  (See  fig.  38.)  The 
prospected  deposits  include  magnetite,  hema¬ 
tite,  copper,  and  lead  ores. 

Magnetite  bodies  hnvo  been  prospected  on 
t  ho  Twin  Pine  and  Mormon  Girl  claims,  which 
are  on  the  south  slopo  at  the  head  of  Threomile 
Cauyon,  tho  first  canyon  north  of  Willard 
Canyon.  The  ore  bodies  are  local  replace¬ 
ments  of  quartzite  beds,  which  dip  steeply 
eastward.  That,  on  the  Mormon  Girl  claim 
contains  films  of  malachite  und  azurito  filling 
cracks  and  is  said  to  assay  about  5  per  cent 
copper.  It  is  opened  by  a  shallow  inclined 
shaft  and  a  70-foot  tunnel,  which  show  the  ore 
to  bo  a  replacement  of  shattered  quartzite. 
Quart z-niuscovito  veins  trending  in  various 
directions  are  associated  with  the  ore  body. 


Specular  hematite  was  noted  in  two  bods  of 
ferruginous  schist  in  the  lower  quartzite  nmna- 
I  her  of  tho  Algonkian.  Their  horizon  extends 
from  tho  foothills  west  of  Willard  southward 
into  the  Sierra  Madro  district,  whore  they  toa 
exposed  high  on  the  west  slope  of  Eldorado 
Peak.  Microscopic  examination  of  a  specimen 
from  one  of  these  bods  showed  that  it  consisted 
mainly  of  quartz  and  hematite  and  a  little 
muscovite.  The  hematite  averaged  about  25 
por  cent,  by'  volume,  of  tho  rock. 

Copper  and  lend  minerals  have  been  found 
in  the  same  vein,  as  on  the  Ogden  Boiler¬ 
makers  prospect,  and  in  separate  veins,  as  on 
the  Overland  and  Silver  Queen  claims.  On  the 
Ogden  Boilermakers  claim,  which  lies  over  the 
divide  east  of  the  head  of  Threomile  Canyon, 
the  upper  Algonkian  quartzite  is  cut  on  the 
surface  by  a  vien  of  white  quartz,  which  con¬ 
tains  scattered  granular  bunches  of  galena  and 
a  little  tetrahedrite  and  is  stained  with  mala¬ 
chite,  nzurite,  and  a  little  yellow  earthy  ma¬ 
terial  like  bindhoimito.  A  tunnel  1,200  feet 
long  was  driven  to  cut  tho  ore  nt  considerable 
depth  below  the  outcrop  but  failed  to  find  the 
downward  continuation  of  the  vein. 

On  tho  Overland  claim  at  the  head  of  Throe- 
mile  Canyon  tho  upper  Algonkian  quartzite  is 
mineralized  along  a  bed  3  feet  or  more  thick 
which  dips  30°  SE.  The  ore  minerals  are 
pyrito,  malachite,  and  azurito,  a  little  cbalco- 
pyrite  and  totrohedrite,  and,  it  is  reportoa, 
small  amounts  of  gold  and  silver. 

On  the  Silver  Queen,  which  lies  on  the  south 
.slope  of  Willard  Canyon  about  a  mile  from  its 
mouth,  the  uppor  Algonkian  quartzite  is  cut  by 
a  vein,  of  probable  north-south  trend,  com¬ 
posed  of  white  quartz  and  fine-grained  lami¬ 
nated  galena.  Tho  vein  iu  places  is  sheared 
and  shattered,  which  probably  accounts  for  tho 
laminated  appearance  of  tho  galena.  The  vein, 
when  scon  in  1913,  was  opened  by  two  short 
tunnels,  neither  of  which  had  pouetrated  be¬ 
yond  the  broken  superficial  material. 

These  deposits  in  general  are  of  promise,  so 
far  ns  mineral  composition  is  concerned,  but 
tho  lack  of  persistence  of  somo  and  the  small 
dimensions  of  ot here  are  not  encouraging.  Toe 
little  prospecting  has  been  done  to  warrant  a 
very  positive  opinion  as  to  the  extent  of 
mineralization. 
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A.  WEST  FRONT  OK  WASATCH  RANGE  IN  SIERRA  MADHE  DISTRICT, SHOWING  GEOLOGIC  FORMATIONS. 
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A.  UNDULATOUY  VERTICAL  FISSURES  (TIGHT)  AND  HORIZONTAL  FISSURE3  WITH  QUARTZ  AND  CHLORITE  IN 

PRE-CAMBRIAN  GRANITE, SIERRA  MADRE  DISTRICT. 
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WE11F.U  DISTRICT. 

By  V.  (’.  llEiKKa. 

The  Weber  district,  in  Weber  County,  known 
in  I860  us  the  Junction  district,  is  2  miles  north¬ 
east  of  Ogden.  Huntley1  reports  that  it  was 
organized  in  February,  1878,  and  in  1881  con¬ 
tained  about  130  locations,  all  mere  prospects. 
A  company  organized  to  work  large  deposits  of 
hematite  and  magnetite  ore  said  to  exist  from 
3  to  8  miles  north  of  Ogden,  built  a  furnace  and 
ran  for  a  week  in  1876. 

Small  outcrops  of  mineralized  rock,  contain¬ 
ing  barite,  fluorite,  quartz,  and  copper  min- 
erals,  are  said  to  occur  east  and  northeast  of 
Ogden,  but  only  one  serious  attempt  at  pros-  I 
pec  ting  has  been  undertaken  in  recent  years. 
This  was  on  tho  Ogden  Buckhorn  Mining  Co.’s 
property  in  Cold  Water  Canyon,  east  of  Ogden. 
The  deposit  is  said  to  be  a  vein  between  quartz¬ 
ite  and  limestone  and  to  contain  copper  ore 
with  low  gold  and  silver  content,  mostly  of 
milling  grade.1  No  shipments  have  been  re¬ 
ported. 

SIERRA  MADRE  DISTRICT. 

By  0.  I1',  Louumix. 

The  Sierra  Madre  district  lies  on  tho  west 
slopo  of  the  Wasatch  Range  northeast  of  Hot 
Springs  and  10  miles  north  of  Ogden.  (See 
fig.  38  and  PI.  XXV,  A.)  From  1901  to  1905, 
inclusive,  the  production  as  reported  was  205 
tons  of  ore,  contaiuiug  8100  in  gold,  152 
ounces  of  silver,  and  3,3S7  pounds  of  copper; 
total  value  8996.  No  lead  production  was 
reported. 

GEOLOGY. 

The  geology  of  the  district  is  much  tho  same 
as  that  of  the  Box  Elder,  Weber,  and  Willard 
districts.  (Seop.  221.)  Ajclieangranite forms 
the  lower  front  slopes  of  the  range,  Cambrian 
quartzite  a  central  band,  and  Cambrian  shale 
and  limestone  an  upper  band,  wliich  is  over¬ 
ridden  almost  at  the  summit,  by  Algonkian 
quartzite. 

PRE-CAM  BRIAN  ROCKS. 

The  granite,  or  grunodiorite,  is  gray  to  pink, 
medium  grained,  and  massive  to  gneissoid  in 
structure.  It.  consists  essentially  of  plagio- 

1  l’rodoj*  nieloli;  Tenth  Cwuus  U.  8.,  vol.  13,  p.  ISA 
’•Salt  Lake  Min.  Rev.,  vol.  9,  Juno  Ifi,  1907. 


clnse  (oligoclnse  lo  nndesine),  microcline, 
quartz,  hornblende,  and  biotite.  Plagioclase  is 
commonly  somewhat  altered  to  serieite,  anti 
hornblende  and  biotite  to  chlorite,  but  altera¬ 
tion  tvs  a  rule  is  not  far  advanced.  In  places 
feldspars  and  quartz  and  a  little  magnetite 
form  small  rounded  or  orbicular  segregations, 
but  practically  no  biotite  or  hornblende  are 
present.  The  granite  contains  short  dikelikc 
bodies  of  dark-green,  rather  fine  grained  rock, 
which  proves  under  the  microscope  to  be  a 
special  variety  of  the  granite,  consisting  of  about 
50  per  cent  quartz,  30  per  cent  altered  feldspar 
(chiefly  plagioclase),  and  20  per  cent  altered 
biotito.  The  feldspar  is  altered  to  an  aggre¬ 
gate  of  quartz,  serieite,  chlorite,  and  a  little 
cpidote;  the  biotite  to  chlorite,  serieite,  and 
tilnnite.  Pegmatite  veius  are  abundant  in  the 
granite,  following  foliation  planes,  shear  zones, 
with  micaceous  borders,  and  strike  and  dip  fis¬ 
sures,  and  cutting  the  dark-green  dikelike 
bodies.  The  pegmatites  contain  the  same  es¬ 
sential  minerals  as  the  granite;  in  somo  of  them 
small  amounts  of  pyrite  and  perhaps  chal- 
copyrito  wore  noted.  The  pre-Cambrian  ago 
of  the  pegmatite  is  shown  (see  PI.  XXV,  B)  by 
a  pegmatite  dike  in  the  granite  which  is  cut 
off  by  a  basal  conglomerate  bed  at  the  uncon- 
formoblo  contact  with  the  Cambrian. 

Several  short  veins,  5  inches  or  less  in  thick- 
!  ness,  composed  of  quartz  and  chlorite  and  a 
little  pyrite  and  chalcopyrite,  follow  for  tho 
most  part  nearly  horizontal  fractures  that  dip 
10°  to  20°  W.  and  ure  distinctly  later  than  the 
pegmatite.  The  probable  pre-Cambrian  age  of 
these  veins  is  indicated  by  some  chlorite- 
stained  quartz  pebbles  in  conglomerate  beds  of 
the  Cambrian  quartzite,  though  these  may  have 
been  derived  from  chloritized  pegmatite  veins. 
'Hie  quartz-chlorite  veins  however  are  distinct 
from  tho  persistent  mineralized  fissures  that 
have  been  extensively  prospected. 

Tho  granite  is  complexly  fissured.  Some 
of  the  fissures  (see  PI.  XXVI,  A)  are  of  undu¬ 
lating  trend  and  "tight.”  Others  are  nearly 
horizontal  and  coutain  quartz-chlorito  veins. 
Still  others  (see  PI.  XXVI,  B )  me  relatively 
straight.,  trend  either  approximately  north  or 
cost,  are  nearly  vortical,  and  arc  mineralized. 
They  pass  upward  into  the  quartzite.  One 
prominent  north-south  fissure  (the  "cross¬ 
country-’  vein)  in  FJdorndo  Canyon,  which 
appears  to  offset  the  east-west  fissures  is  said 
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to  ex  torn!  for  a  considerable  distance.  (See 
below.) 

The  Algonkiun  quartzite  at  the  summit,  of 
the  ridge,  above  the  overthrust,  is  not  closely 
associated  with  important  mineralization.  (See 
ulso  p.  222.) 

CAMBRIAN  ROCKS. 

The  Cambrian  quartzite  varies  in  color  and 
texture.  The  basal  beds  contain  considerable 
conglomerate  (see  PI.  XXV,  A),  widen  also 
appears  less  conspicuously  at  higher  lovels. 
The  conglomerates  arc  composed  of  white  peb¬ 
bles  and  a  few  red,  jasper-like  pebbles  of  rhyo¬ 
lite  porphyry  in  a  dark-green  chloritic  matrix, 
which  turns  brown  on  weathering.  Some  beds 
contain  a  conspicuous  amount  of  dark-gray 
hematite  (martito)  grains,  which  were  probably 
derived  from  tho  rather  large  magnetite  grains 
in  the  pre-Cambrian  pegmatite  veins.  The  liner- 
grained,  or  typical,  quartzite  beds  range  in 
color  from  light  gray  to  greenish  and  to  red  or 
brown.  Many  of  them  are  separated  by  green¬ 
ish-gray,  red,  or  brown  slide  partings.  The 
thickness  of  tho  quartzite  was  not  measured 
but  is  roughly  estimated  at  1,000  feet. 

A  narrow  band  of  slide  overlies  the  quartzite 
und  is  ovfcrlaiu  by  limestone  with  intercalated 
beds  of  slide.  The  limestone  for  the  most  part 
is  of  mottled  bluo  and  yellowish  color  and  of 
argillaceous  composition  but  includes  near  its 
bnso  a  narrow  band  of  relatively  pure  dolomite, 
which  is  dark  gray  except  where  bleached  by 
alteration.  This  bed  is  the  wall  rock  of  the 
ore  body  in  the  Eldorado  mine.  It  is  overlain 
and  underlain  bv  beds  of  slide. 

ore  DEPOSITS. 

The  mineral  deposits  include  veins  or  miner¬ 
alized  lissures  in  granite,  and  bedded  replace¬ 
ments  in  limestone,  both  of  which  are  attributed 
to  tho  some  period  of  mineralization. 

DEPOSITS  IN  QRANITE. 

The  mineralized  fissures  in  the  granite  lie  in 
north  and  in  east  trending  systems,  which  ap¬ 
pear  to  he  of  contemporaneous  mineralization. 
The  north-trending  “cross-country”  vein  which 
crosses  the  Xnpoloon-Mughcra  group  of  claims 
differs  in  mineral  composition  from  the  others 
and  deflects  intersecting  east-west  fissures. 
I  he  amount  of  the  deflection,  however,  is  nei¬ 
ther  uniform  nor  proportional,  and  it  is  doubt- 


|  fill  il  the  cross-country  vein  actually  faults  the 
east-west  fissures. 

The  mineralized  fissures,  except  the  “cross¬ 
country”  vein,  arc  marked  by  an  impregnation 
of  the  granite  with  line  crystals  of  pyrite.  The 
pyrile  appeam  mostly  to  have  replaced  the 
hornblende  and  biotite,  and  the  impregnated 
rock  has  a  lighter  color  than  ordinary.  It  also 
forms  scattered  grains  .or  microscopic  veinlcts  in 
feldspar  and  locally  in  quartz.  Streaks  or 
lenses  of  chalcopyrite,  in  part,  oxidized,  accom¬ 
pany  the  pyriie  in  places.  Oxidized  copper 
minerals  have  been  reported,  but  none  were 
seen  by  the  writer.  The  gnugue  minerals  in¬ 
troduced  with  the  pyrite  are  microscopic  seri- 
cito  and  quartz.  The  sericite  replaces  biotite 
und  in  places  plagioclase;  the  quartz  is  in  part 
associated  with  sericite  and  pyrite  and  also 
forms  barren  veinlets.  At  ouo  place  in  Eldo¬ 
rado  Canyon,  where  a  local  enlargement  of  the 
King  Solomon  vein  is  intersected  by  the  “cross¬ 
country”  vein,  dolomite  and  caicite  und  a  lit¬ 
tle  galena  and  zinc  blende  accompany  the 
pyrite,  showing  similarity  in  composition  be¬ 
tween  the  mineralized  fissures  in  the  granite 
and  the  bed  replacements  in  the  limestone. 

Mineralization  in  tho  granite  varies  from  a 
mere  streak  of  pyritio  or  limonitic  material 
along  the  fissure  to  zones  several  feet  wide. 
The  greatest  width  noted  was  40  feet,  at  a 
coalescence  of  fissures  ou  the  King  Solomon 
vein  in  Eldorado  Canyon.  The  mineralized 
rock  is  said  to  be.  for  the  most  part  of  milling 
grade,  although  small  shoots  of  copper  ore  of 
shipping  grade  have  been  reported.  Assays  of 
samples  from  the  Illinois  tunnel  on  tho  Xapo- 
leon-Magheru  group  in  1013  show  from  nil  to  a 
trace  in  gold,  nil  to  0.32  ounce  of  silver  to  the 
ton,  and  nil  to  2.51  per  cent  copper.  The  ore 
produced  from  1901  to  1905,  inclusive,  aver¬ 
aged  .$0.50  in  gold  and  7.5  ounces  of  silver  to 
the  ton,  and  0.85  per  cent  copper. 

The  “cross-country”  vein  was  seen  only  on 
the  north  wall  of  Eldorado  Canyon,  where  it 
consists  of  barren  calcito,  which  forms  scaleiio- 
hedrol  crystals  around  cavities  and  apparently 
represents  the  latest  phaso  of  mineralization 
after  the  ore  minerals  had  been  deposited. 

DEPOSITS  IK  LIMESTONE. 

Some  of  the  east-west  veins  in  the  granite 
have  been  traced  upward  through  the  quartz 
into  the.  shale  nud  li  mestone.  (See  fig.  39.)  The 
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showings  along  them  are  not  promising  iu  the 
qnart/ite  and  shale  hut  are  so  in  the  dolomite 
bed  iu  the  lower  part  of  the  limestone.  Tim 
mineralized  rock  is  in  the  upper  part  of  the 
dolomite,  and,  us  seen  ou  the  Eldorado  prop¬ 
erty,  is  indicated  by  a  bleaching  of  the  rock 
from  dark  bluish  to  while.  Their  upper  con¬ 
tacts  end  abruptly  along  the  shale  contact  at 
the  top  of  the  dolomite:  the  lower  contact  is 
irregular  and  extends  downward  along  zones 
of  shattering  into  the  underlying  shale.  It  is 
said  that  mineralization  has  been  noted 
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Samples  of  mineralized  rock  intervening  be¬ 
tween  ora  bunches  range  in  content  from  u 


nt  intervals  along  this  horizon  for  li  miles 
but  no  noteworthy  prospecting  luis  been 
reported  except  on  the  Kldorado  prop¬ 
erty. 

The  ore  consists  of  varying  amounts  of 
fine-grained  galena,  zinc  blonde,  and  py- 
ritc,  oxidized  in  places,  in  a  ganglia  of 
quartz,  a  Little  seriate,  and  locally  coarse¬ 
grained  white  dolomite.  Calcite  forms 
veinlcts  in  the  bleached  dolomite  rock 
and  the  coarse-grained  dolomite  The 
quartz  and  sericite  are  inconspicuous,  but 
microscopic  examination  show’s  that  they 
may  amount  to  25  per  cent  by  volume 
of  the  ore  body.  There  is  some  evidence 
that  mineralization  took  place  in  two 
stages — the  first  marked  by  replacement 
of  the  dolomite  rock  by  fine-grained 
cherty  quartz;  the  second  by  further 
replacement  of  the  rock  by  ore  minerals, 
quartz,  and  sericite.  Microscopic  frag¬ 
ments  of  quartz  of  the  first  stage  have 
been  found  in  some  of  the  sulphide  ore 
but  not  in  all  of  it.  Local  deposition  of 
the  coarse-grained  dolomite  was  probably 
contemporaneous  with  the  second  stage. 

A  little  fluorite  is  said  to  have  been 
found  in  the  ore  horizon,  but  none  was 
seen  in  the  Eldorado  workings. 

The  ore  occurs  iu  irregular  bunches 
along  the  dolomite  bed,  and  in  the  largest  work¬ 
ings  on  the  Eldorado  property  has  been  followed 
for  about  100  feet  north  along  the  strike  and 
au  equal  distance  down  the  eastward  dip.  The 
assay  records  following  show  the  variation  in 
composition  of  the  ore. 

The  first  two  of  theso  represent  bunches  of 
ore  with  galena  greatly  predominating;  tho 
third  a  nearly  puro  mixture  of  pyrite  and 
quartz;  the  fourth  a  segregation  of  zinc  blende. 
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source.  The  failure  of  ore  and  gungue  min¬ 
erals  to  replace  the  plagioclase  of  the  granite 
more  extensively  and  their  practically  com¬ 
plete  inability  to  rcplaco  the  microcline  indi¬ 
cate  lack  of  concentration  and  scarcity  of 
strong  mineralizing  elements  like  fluorine  and 
carbon  dioxide.  The  small  amounts  of  sec¬ 
ondary  soricite,  quartz,  dolomite,  and  calcite 
in  the  mineralized  zones  of  the  granite  may  be 
regarded  ns  merely  recrystallized  and  more  or 
less  transferred  constituents  of  plagioclase  and 
biotito  that  were  replaced  by  the  pyrito  and 
other  sulphides,  and  the  only  elements  that 
must  have  been  introduced  are  sulphur,  a  little 
copper,  lead,  and  zinc,  some  traces  of  silver  and 
gold,  and  perhaps  a  little  iron. 

In  the  dolomite  horizon  the  secondary  dolo¬ 
mite  and  calcite  may  be  regarded  as  of  essen¬ 
tially  local  origin,  and  the  quartz  ns  having 
been  derived  wholly  or  in  part  from  the  miner¬ 
alized  zones  in  the  underlying  granite  and 
quartzite.  Only  the  metals  anti  sulphur  were 
necessarily  brought  in  from  great  depths. 
The  texture  of  the  dolomite  rock,  its  freedom 
from  insoluble  impurities  other  than  a  little 
carbon  and  very  little  quartz,  and  its  favor¬ 
able  position  between  shale  beds  are  such  that 
solutions  strong  in  silica  and  metals  would 
have  caused  extensive  replacement  instead  oi 
the  mineralization  of  only  a  small  fraction  of 
the  rock,  and  the  failure,  even  in  this  fraction, 
to  form  continuous  shoots.  This  statement- 
does  not  imply  that  workable  ore  bodies  do  not 
occur  in  the  dolomite,  but  merely  that  most 
shoots  in  it  are  probably  small. 

REGION  BETWEEN  OGDEN  AND  SALT  LAKE 
CITY. 

By  G.  F.  LouonLrN  :ind  V.  C.  QefKBS. 

The  Hardscrabble  (Mill  Creek),  Farmington, 
and  Hot  Springs  districts  lie  between  the  lati¬ 
tudes  of  Ogden  and  Salt  Lake,  in  Morgan, 
Davis,  and  Salt  Lake  counties.  Some  of  them 
have  made  small  shipments  but  none  has  been 
consistently  productive,  and  each  at  present 
is  represented  by  only  a  few  small  operations 
or  is  idle. 

HARDSCRABBLE  (.MILL  CREEK)  DISTRICT. 

By  V.  C.  Hkikes. 

Hardscrabble  (Mill  Creek)  district,  10  miles 
southwest  of  Morgan  on  the  Union  Pacific 
Railroad,  was  organized  February  1893. 


Long  before  this,  however,  the  claims  of  the 
Norway  Iron  Mining  &  Manufacturing  Co. 
(incorporated  Nov.  19,  1S79)  were  operated, 
yielding  some  iron  ore  containing  56.12  to 
65.08  per  cent  of  iron.  A  sample  of  brown 
ore  from  the  Norway  group  contained:1  Iron, 
56  per  cent;  silica,  3  per  cent;  carbonate  of 
lime,  4.5  per  cent;  alumina,  4.3  per  cent;  sul¬ 
phur,  trace.  Some  of  this  ore  was  tried  in  the 
experimental  iron  furnace  during  the  eighties 
at  Ogden.5 

Previous  to  1 900  no  records  are  available  of 
the  iron  ore  shipped  out  of  the  district  for  test¬ 
ing  at  the  iron  works  (operated  for  only  a  few 
weeks)  near  Ogden  and  the  several  car  lots 
shipped  to  different  smelters  os  flux. 

FARMINGTON'  DISTRICT. 

By  G.  F.  LouonuN. 

The  Farmington  district  lies  east  of  the 
towns  of  Farmington  and  Centerville.  Three 
properties  have  been  prospected,  but  no  ship¬ 
ments  had  been  made  up  to  1913,  and  only 
one  was  then  active. 

GEOLOGY. 

The  country  rock  is  a  complex  of  pre-Cam¬ 
brian  schists  and  gneisses,  cut  by  numerous 
dikes  and  sills  ol  pegmatite.  The  foliation  dips 
west  at  a  low  angle  along  the  range  front,  but  2 
miles  to  the  east,  opposite  Centerville,  it  arches 
gently  over  to  an  eastward  dip. 

ORE  DEPOSITS. 

The  most  promising  deposit  seen  by  the 
writer  was  a  vein  of  copper  ore  on  the  prospect 
of  the  Buckland  Mining  &  Development  Co., 
east  of  Centerville,  on  the  north  side  of  Parish 
Canyon,  about  3  miles  from  its  mouth.  Seven 
reins  are  said  to  have  been  found  on  the  prop¬ 
erty,  three  of  which  have  been  prospected  to  a 
depth  of  200  feet  or  more.  The  principal  work 
has  been  done  on  a  vein  which  enters  along  the 
north  canyon  slope  and  has  been  traced  for 
about  a  mile  within  the  company's  property, 
and  for  about  a  mile  more  outsido  of  it.  With¬ 
in  the  property  the  vein  strikes  about  east  and 
is  remarkably  straight,  cn  tting  squarely  across 
the  foliation  of  the  inclosing  gneiss.  Its  dip  is 
60°-90°  N.  Its  maximum  exposed  thickness 

J  Bishop,  y.  M.,  V.  S.  GcoL  Survey  Mineral  Resources,  18SJ-S4,  p. 
2S8y  1*85. 

*  Jones,  M.  E.,  Report  on  tbo  iiiiumailunal  commerce  of  the  United 
State*,  p.  883,  Bur.  Slnltetlcs,  ISO 
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is  i2  feet  >i nd  at  only  a  few  places  is  less  than  4 
feet. 

The  vein  has  been  prospected  by  an  inclined 
shaft  50  feet  deep  and  by  two  crosscut  tunnels 
from  which  drifts  huve  been  run  along  tho  vein 
to  (he  east  and  the  wist.  The  upper  tunnel 
is  short  and  level  with  the  bottom  of  the  shaft; 
the  lower  tunnel  is  about  500  feet  long  and  cuts 
tho  vein  300  foot  below  its  outcrop.  The  vein 
contents  are  encouraging  in  all  tho  openings, 
but  up  to  1013  no  assays  had  been  made  except 
from  material  near  the  surface,  which  wus  said 
to  average  about  10  per  cent  copper  and  a  little 
silver. 

Tho  vein  consists  of  chulcopyrite,  pyrito,  and 
specularito  in  a  gnngue  of  quartz  and  pyrito. 
No  galena  or  blonde  hnvo  been  found  in  the 
workings,  although  ore  containing  some  galena 
with  low  silver  content  is  said  to  have  beeu 
found  in  line  with  the  vein  boyond  the  limits 
of  tho  property.  Tho  chalcopyrite  and  pyrito 
aro  as  a  whole  evenly  distributed,  tho  former 
hi  irregular  grains  and  masses  up  to  4  inches 
and  more  in  diameter,  the  latter  in  small  scat¬ 
tered  crystals.  The  speculorite  tends  to  form 
bunches  uround  small  cavities,  which  aro  lined 
with  crystals  of  specularito  and  quartz.  Tho 
quartz  is  milky  and  massive,  containing  scat¬ 
tered  bunches  of  dark-green  fine-grained  chlo¬ 
rite.  Tho  vein  grades  laterally  into  quartz 
chlorite -pyrito  rock  in  which  tho  texturo  of 
the  gneiss  is  more  or  less  distinctly  preserved. 

Oxidized  ore  oxtends  down  to  the  level  of  the 
upper  tunnel,  which  approximately  marks  the 
ground-water  level.  It  is  characterized  by 
green  copper  stains  and  by  limonitc,  tile  limo- 
nito  occupying  the  spaces  of  original  ehalco- 
pyrito.  In  tho  ore  from  the  lower  tunnel 
cracks  in  the  chalcopyrito  are  filled  with  thin 
seams  of  chalcocite.  Encouraging  concen¬ 
trating  experiments  were  in  progress  in  1913. 

The  only  other  prospects  seen  by  the  writer 
were  those  on  tho  Morning  Star  group  of  claims, 
m  the  front  of  tho  range  due  east  of  Farming- 
ton.  Several  openings  have  been  made  lioro 
on  quartz-clialcopyritc  veins  which  lie  along 
the  bedding  or  foliation  of  tho  schist  and  gneiss. 
One  vein  has  been  followed  down  on  an  incline 
(now  caved)  for  90  feet  and  is  said  to  have 
yielded,  about  20  years  ugo,  a  20  to  25  ton  ship¬ 
ment  of  copper-gold  ore,  in  which  tho  value  of 
the  gold  was  $14  a  ton.  Most  of  the  exposed 
oro  appeal-s  to  be  oxidized  and  consists  prin¬ 


cipally  of  malachite  and  nzurite,  remnants  of 
chalcopyrito  and  pyrito,  and  some  cuprite. 

The  other  prospects  on  the  Morning  Star 
property  contain  the  same  tvpe  of  ore,  but  their 
showings  aro  too  low  grndo  to  be  of  much 
promise.  A  tunnel  to  strike  some  of  these 
veins  at  considerable  depth  had  been  driven 
about  400  foot  in  1913. 

Several  outcrops  and  prospects  of  copper 
ore1  containing  a  little  gold  have  been  reported 
from  tho  Farmington  district,  hut  no  shipments 
have  been  made. 

HOT  SPRINGS  DISTRICT. 

By  V.  G,  JIbikeh. 

Hot  Springs  district  extends  10  miles  east 
and  west  and  5  miles  north  and  south  in  the 
Wasatch  Range,  adjacent  to  and  east,  of  Salt 
Lake  City.  It  was  organized  in  December, 
1870,  and  now  includes  the  old  Adams  district, 
in  Salt  Lake  County.  According  to  Huntley,3 
up  to  tho  end  of  1880  about  230  locations  had 
been  made,  but  not  more  than  40  were  being 
held  and  worked.  The  couutry  rock  is  lime¬ 
stone.  The  ore,  said  to  occur  in  small  veins, 
was  described  os  a  low-grade  ocher  containing 
cerusite  and  galena,  some  of  which  assayed  15  to 
25  ounces  of  silver  per  ton,  bnt  only  a  few  tons 
of  which  had  been  shipped.  The  principal 
claims  were  the  Henry  Lawrence,  tho  General 
Scott,  and  the  Magnet  Iron  mine,  from  which 
several  hundred  tons  of  iron  flux  had  been 
shipped.  No  large  amount  of  development 
seems  to  have  been  performed. 

REGION  SOUTH  OF  SALT  LAKE  CITY. 

By  B.  S.  Butlek,  G.  F.  Locghwn,  and  F.  C.  Calkins. 

The  richest  part  of  the  Wasatch  Range  lies 
south  of  the  parallel  of  Salt  Lake  City.  It  in¬ 
cludes  the  Purk  City,  Cottonwood,  American 
Fork,  Provo,  Santaquin,  and  Mount  Nebo  dis¬ 
tricts,  besides  a  few  others  that  huve  never 
been  productive. 

COTTONWOOD-PARK  CITY  REGION. 

GENERAL  FEATURES. 

By  F.  0.  Calkins. 

LOCATION. 

The  Park  City,  Big  and  Little  Cottonwood, 
and  American  Fork  districts  together  form  on 
irregular  area  whose  center  lies  in  the  heart  of 


I  Salt  Lake  Min.  Rot.,  vol.  7,  March  iir.<t  May,  1906. 
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the  Wasatch  Range,  about  20  miles  southeast 
of  Salt  Lake  City,  in  line  with  the  east-west 
axis  of  the  Uinta  Mountains.  The  Park  City 
district,  which  is  east  of  the  Wasatch  divide, 
is  shown  on  the  Park  City  map  published  by 
the  United  States  Geological  Survey;  the  main 
part  of  the  Cottonwood  districts  and  the  north¬ 
ern  part  of  the  Ainerieun  Fork  district,  which 
lie  west  of  the  divide,  are  represented  on  the 
Cottonwood  special  map.  The  two  maps 
cover  adjoining  areas  and  constitute  the  topo¬ 
graphic  base  of  Flute  XXYIT  (in  pocket).  Tire 
Park  City  district  aud  theCottonwood-American 
Fork  area  will  be  described  in  two  separate  sec-  j 
tions,  which  may  he  prefaced  by  ail  outline  of  J 
the  topography  and  geology  of  the  region  as  a  ' 
whole. 

TOPOGRAPHY. 

The  western  front  of  the  Wasatch  Range  in 
the  latitude  of  the  Cottonwood-Park  City 
region  rises  abruptly  from  the  border  of  Salt 
Lake  Valley,  5,000  feet  above  sea  level,  t  o  ele¬ 
vations  of  about  1 1,000  feet.  The  crests  of  the 
ridges  between  the  westward-flowing  streams 
maintain  this  general  level  for  several  miles  to 
the  east  and  hear  some  peaks  that  are  nearly 
11,500  ieet  high,  but  they  begin  gradually  to  | 
decrease  in  height  before  they  terminate 
against  the  main  north-south  divide  of  the 
range.  The  highest  summit  on  this  divide  is 
Clayton  Peak,  which  rises  10,728  feet  above 
sea  level  and  lies  near  the  southwest  corner  of 
the  Park  City  quadrangle.  Eastward  from  the 
north-south  crest  the  surface  descends  with 
moderate  steepness  to  a  zono  of  low  hills,  inter¬ 
spersed  with  parks  and  meadows  that  stand 
about  6,500  feet  above  sea  level,  boyond  which 
fairly  steep  acclivities  lead  up  to  the  western 
brow  of  the  Uinta  Mountains. 

The  principal  drainuge  linos  of  this  region 
radiate  from  the  vicinity  of  Clayton  Peak. 
The  crest  extending  north  from  that  summit 
separates  the  drainage  basins  of  Jordan  and 
Weber  rivers  and  constitutes  the  main  divide 
of  a  long  segment  of  the  Wasatch  Range.  The 
southward  prolongation  of  this  crest  first,  parts 
the  Cottonwood  creeks  und  American  Fork 
from  Provo  River,  nnd  then  subsides  between 
two  branches  of  the  Provo,  a  stream  which 
rises  far  to  the  oast,  und  south  of  whose  canyon 
the  range  has  no  principal  divide.  The  water¬ 
shed  between  the  Provo  mid  the  Wel>er,  which 


extends  eastward  from  a  summit  about  a  mile 
north  of  Clayton  Peak,  is  the  most  prominent 
spur  on  the  east  slope  of  the  central  Wasatch 
nnd  connects  that  range  with  the  Uinta 
Mountains. 

OEOI.OOY. 

Tl\e  position  of  the  Cottonwood-Park  City 
region  at  the  intersection  of  the  Wasatch  aud 
Uinta  axes  is  geologically  as  well  as  topographi¬ 
cally  significant.  The  dominant  structural 
trend  in  the  Wasatch  Range  is  a  little  west  of 
north.  The  dominant  structure  in  the  Uinta 
Range,  is  an  anticline  whose  axis  runs  a  little 
north  of  east.  The  region,  therefore,  has  been 
subjected  to  compression  in  two  directions  at 
right  angles  to  each  other;  and  the  resultant 
effect  of  these  forces  has  been  the  formation  of  t 
broad  east-pitching  anticline,  which  will  be 
culled,  following  Boutwell,1  the  Park  City  anti¬ 
cline.  This  fold  is  shown  very  prominently 
on  the  generalized  map  of  the  Fortieth  Par¬ 
allel  Survey,3  but  it  appears  less  conspicuous  on 
Plate  IV,  where  some  details  neglected  by  the 
pioneers  are  shown;  and  in  the  still  more  de¬ 
tailed  view  of  a  smaller  area  given  in  Plate 
XXVII  it  is  further  obscured  by  the  represen¬ 
tation  of  the  complex  faulting  which  appeal's 
as  the  most  prominent,  structural  feature.  The 
faults  are  widely  varied  in  direction,  attitude, 
and  amount  of  throw.  The  greatest  of  those 
in  the  Cottonwood  quadrangle  nre  two  or  three 
overthrusts  dipping  toward  the  east,  and  a  nor¬ 
mal  fault  with  downthrow  to  the  west;  the 
grea  test  in  the  Park  City  quadrangle  is  an  over- 
thrust  whose  dip  is  westward. 

This  folding  and  faulting  have  deformed  a 
series  of  stratified  rocks  which  ranges  in  age 
from,  pre-Cambrian  (Algoukian)  to  later  Triassic 
or  early  Jurassic  and  whose  total  thickness  as 
exposed  in  this  part  of  the  range  is  about  20,000 
feet.  About  half  this  thickness  belongs  to  the 
pre-Cambrian,  which  consists  mainly  of  quartz¬ 
ites  and  other  siliceous  rocks  nnd  is  probably 
for  the  most  part  of  terrestrial  origin.  These 
ancient  rocks  are  not  very  much  more  altered 
in  general  than  the  Puleozoic  rocksT  which  lie 
upon  them  unconformably  but  with,  only  a 
slight  angular  discordance.  The  Paleozoic 
rocks,  which  are  about  6,000  feet  thick,  nre 
chiefly  of  marine  origin.  Their  medinl  and 


•  Doutwll,  T.  M  ,  op.  clt.,  p.  IM. 

>  l’.  S.  Cool.  Expl.  40th  Tut.  Atlas,  map  3. 
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rneatcst  part  consists  of  limestone,  but  they 
conipi'iso  a  good  dcnl  of  shale  and  two  thick 
formations  of  quartzite,  one  at  the  base  and 
another  just  above  the  greatest  body  of  lime¬ 
stone.  The  continuity  of  Paleozoic  sedimen¬ 
tation  was  several  times  interrupted;  the  most 
distinct  of  the  resulting  unconformities  lies  at 
the  base  of  Devonian  or  Carboniferous  lime¬ 
stone,  which  rests  in  most  places  on  one  stratum 
nr  another  of  Cumbrian  limestone;  but  not 
even  this  unconformity  is  marked  by  strong 
angular  discordance.  The  Mesozoic  strata, 
whose  total  thickness  in  the  region  studied  is 
about  4,000  feet,  consist  mainly  of  slmlo  but 
include  large  quantities  both  of  limestone  and 
of  sandstone.  They  are  in  part  marine  but 
may  be  in  part  of  fresh-water  or  terrestrial 
origin.  The  Mesozoic  formations  are  not  di¬ 
vided  from  tho  Paleozoic  strata,  nor  from  one 
another,  by  distinct  unconformities.  Not  un¬ 
til  after  the  Jurassic  period  was  there  any  vigo¬ 
rous  deformation  of  the  strata. 

The  igneous  rooks  of  the  Cottonwood-Park 
City  region  are  also  post-Jurassic.  They  in¬ 
clude  the  only  large  post-Cambrian  intrusive 
masses  that  occur  in  the  Wasatch  Range.  All 
these  masses,  whose  rocks  range  from  quartz 
monzor.ite  to  quartz  diorite  porphyry,  are 
exposed  along  the  axis  of  the  Pork  City  arch. 
Besides  the  larger  bodies,  the  region  contains 
dikes  of  varied  composition.  The  intrusive 
rocks  are  younger  than  the  sedimentary  strata, 
which  are  profoundly  metamorphosed  by  the 
larger  intrusive  masses.  Extrusive  igneous 
rocks,  chiefly  andesitic  lava  and  breccia,  lie  in 
the  trough  between  the  Wasatch  and  Uinta 
ranges  and  occur  in  the  eastern  part  of  the 
Park  City  district. 

The  region  was  subjected  in  the  Quaternary 
period  to  vigorous  alpine  glaciation,  as  is 
attested  by  characteristic  glacial  deposits  and 
sculpture. 

The  ore  deposits  were  formed  mainly  by 
replacement  of  tho  sedimentary  rocks — espe¬ 
cially  of  Paleozoic  limestones — and  are  asso¬ 
ciated  with  fissures,  many  of  wliich  strike 
nearly  parallel  to  tho  general  trend  of  the  row 
of  intrusive  masses  aud  probably  were  formed 
at  the  time  of  their  intrusion.  The  deposits 
are  valuable  chiefly  for  silver,  lead,  zinc,  gold, 
and  copper. 


C  0  TTON  WOOD- A  ME  RICA  N  FORK  AREA. 

By  V.  P.  Oai.kixs. 

KIRM>  WORK  AX!)  UTRR.vTURF,. 

Tho  Cottonwood-Americnn  Fork  area  lies 
well  within  the  zono  explored  by  tho  Fortieth 
Parallel  Surrey,  whose  reports  and  maps,  pub¬ 
lished  between  1S70  and  1SS0,  are  still  of  great, 
interest  and  use  to  every  student  of  the  geology 
of  Utah.  The  middle  part  of  tho  range  was 
examined  in  I860,  mainly  by  S.  F.  Emmons. 
The  fine  sections  in  Big  and  Little  Cottonwood 
canyons  were  regarded  by  him  as  among  the 
most  instructive  in  the  Wasatch  Mountains  and 
formed  the  chief  basis  of  important  deductions 
drawn  by  Clarence  King  regarding  the  general 
stratigraphy  of  tho  range.  Those  deductions 
are  now  known  to  be  in  part  erroneous,  the 
most  serious  errors  consisting  in  the  assign¬ 
ment  of  the  post-Jurassic  intrusive  rocks  to  tho 
Archean  and  in  the  fuiluro  to  recognize  the 
presence  of  overthrust  faults. 

J.  M.  Boutwell,  in  1902,  examined  parts  of 
the  Cottonwood  quadrangle  in  connection  with 
his  survey  of  the  Park  City  district,  and  in  his 
report  *  he  briefly  reviewed  the  geology  of  the 
middle  Wasatch.  He  recognized  the  true 
nature  of  the  intrusive  rocks  and  mapped  some 
overthrust  faults  in  the  Park  City  district,  thus 
being  the  first  to  recognize  this  type  of  fracture 
in  the  Wasatch  Mountains. 

Bnt  the  full  importance  of  overthrust  fault¬ 
ing  in  the  structure  of  the  range  was  first  appre¬ 
ciated  by  Eliot  Blackwelder  as  a  result  of  his 
work  near  Ogden  in  1909.J  The  discovery  of 
greet  over  thrusts  in  the  Ogden  region  entailed 
a  radical  revision  of  the  Paleozoic  stratigraphy. 
Blackwclder’s  paper  deserves  citation  here,  not 
only  because  it  utilizes  observations  made  on 
Cottonwood  Creek,  but  even  more  because  of 
tho  close  parallelism  of  his  results  with  (hose 
obtained  in  the  Cottonwood  quadrangle,  three 
years  later,  by  Butler,  Loughlin,  and  Hiutzo. 

In  1912  a  reconnaissance  of  several  districts 
in  the  central  Wasatch  was  made  by  Butler 

i  IkHJlwoll,  J  M.,  Ouology  “'■"l  ora c,f  1,10  ( tty  district, 
UtJj,  w  h  oonlrihul'aii*  by  !..  H.  VooUcy:  U  8.  Gcol.  Survey  1'rof. 
Putier  17,  p.  41, 1012. 

:  Uhol waller,  Eliot,  New  Hjtht  on  the  pw)!t*y  o(  the  Wasatch  Moun¬ 
tain*,  Utah:  Gcol.  Soo.  America  Dull.,  vol.  21,  pp.  3I7-A12,  1010 
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and  Loughlin.1  who  prepared  a  geologic  sketch 
map  of  the  Cottonwood  quadrangle.  In  the 
same  year  F.  F.  Hintze,  jr.,  inude  a  study  of 
part  of  the  quadrangle,  the  results  of  which 
were  presented  as  a  thesis  to  the  faculty  of 
Columbia  University.2  Hintze  and  the  Sur¬ 
vey  party  worked  unknown  to  each  other,  but 
both  found  great  overthrust  faults  and  revised 
the  stratigraphic  scheme  much  ns  Blackwelder 
had  revised  that  of  the  Ogden  region.  Their 
most  striking  results  were  derived  from  the 
section  in  Little  Cottonwood  Canyon,  which 
was  not  studied  by  Blackwelder. 

A  firm  basis  had  now  been  laid  for  detailed 
field  work,  which  was  carried  on  for  the 
Geological  Survey  by  Messrs.  Butler  and 
Hintze  together  in  1916  and  was  continued  by 
Messrs.  Butler  and  Calkins  in  1917,  but  which 
has  not  yet  been  completed. 

Collaterally  with  the  moro  general  geologic 
investigations,  whose  sequence  lias  been  out¬ 
lined,  much  work  has  been  devoted  to  certain 
special  phases  of  the  geology.  The  Cambrian 
and  pre-Cambrian  rocks  of  the  Big  Cotton¬ 
wood  section  have  been  studied  by  Walcott.3 
The  glacial  geology  of  the  Wasatch  and  Uinta 
ranges  has  been  described  by  Atwood.'  De¬ 
scriptions  of  certain  mines  studied  in  I860 
were  published  in  the  report  of  the  Tenth 
Census.  The  congressional  report  of  the  inves¬ 
tigation  of  the  Emma  mine  s  contains  testi¬ 
mony  regarding  the  mine  by  Clarence  King, 
J.  E.  Clayton,  W.  P.  Blake,  and  other  geologists 
and  engineers.  Other  articles*  concerning  the 

i  Loug'oliu,  O.  P.,  Roanunl  tones  In  iho  W j-itcli  Mountains,  Utuh: 
Jour.  C  eulogy,  vol.  21,  pp.  ui-CJ,  1913.  Butlr.-,  B.  S.,  and  Loughtin, 
U.  V.,  A  reconni.t sauce  o(  IheCol  lomrood-Anirrlcnn  Fork  mlnlngregion, 
Utah:  U.  S.  Geal.  Survey  Bull.  >320,  pp.  185-280, 1915. 

•Hlutse,  F.  F.,  Jr„  A  contfibnUtn  to  tho  geology  ol  the  Wasatch 
Mountains,  Utah:  New  Y title  Acad,  Sol,  Annah,  TOl.  23,  pp.  S3-H3,  pis. 
1-4, 1913, 

•Walcott,  C.  D,,  Tho  Cambrian  (Annas  of  North  America,  second 
contribution:  U.  S.  Cool.  Survey  Bull.  39,  p.  38,  1-W:  Correlation 
papers— Cambrian:  U.  S.  Gcol.  Survey  Bull.  81,  pp.  ISP,  319, 1  HU. 

1  Atwood,  W.  W,,  Glaciation  of  the  Uinta  and  Wasatch  mountains: 
U.  S.  Geol.  Survey  Trot.  Paper  #1,  rJ09. 

•  «th  Con*.,  ut  rum.,  H.  Rep.  579. 

•  Ryaa.G.  H.,  Tho  strike  in  I  ho  Cirri  ill:  Sail  UkeUin.  Rov.,  Nov.  30- 
l!H,  p.  15  (describe*  tlio  relation  of  tlw  newly  found  ore  body  to  local 
geologic atiucturo);  Some  Alta  itrUviUe-  Eng.  and  Mir.,  lenr.,  Ape.  17, 
1916,  pp.  6SM90  (shown  that  the  ropfacrcunt  cro  holies  along  tba  lime- 
jlone-quamilo  Contact  aro  connected  wilb  ore-bo  ring  fissures  and 
describes  developments  In  the  Card!!!,  Columbus  Ex'.-  don,  raid  South 
Hccla  mints);  Geology  and  ore  deposits  o(  Miller  UU1,  American  Fork 
Mining  district,  Utah:  Salt  LMto  Min.  Rev.,  vol.  19,  AUC-  13,  1017  (de- 
scrilies  tho  stratigraphy,  structure,  and  oro  deposit*  of  tho  Miller  Hill 
ana).  Howard,  L.  0.,  Xlining  In  Utah:  Min.  (and  Sci.)  Preai,  Svpl.  IS, 
1913,  pp.  -H5-M6  (dcocribes  conditions  In  tho  Big  and  Little  Cotton¬ 
wood  districts,  eaiKctally  as  n\  mb  the  Intrinsic  value  of  mining  shares, 
and  gives  map  showing  claim  boundaries  of  principal  properties). 


mines  have  appeared  in  mining  journals  and 
newspapers  since  the  recent  revival  of  mining 
activity. 

Tho  most  thorough  geologic  work  that  has 
been  clone  in  this  region  by  any  mining  geol¬ 
ogist  is  that  of  .T.  J.  Beeson.  In  the  years 
1916-10 1 8  Mr.  Beeson  mapped  in  detail  the 
surface  and  the  more  important  underground 
workings  ou  the  north  side  of  the  canyon,  in 
the  vicinity  of  the  Emma  Consolidated  Copper 
Co.’s  claims,  and  his  work  resulted  in  the 
recovery  of  the  long-lost  Emma  ore  body.  He 
has  published  brief  articles  in  newspapers  and 
trade  journals  but  no  general  account  of  his 
results.  His  unpublished  material  was  gen¬ 
erously  placed  at  tbe  service  of  the  writers. 

GEOGRAPHY. 

LOCATION,  SUBDIVISION,  AND  ACCESSIBILITY. 

The  Cottonwood-Amoricun  Fork  area,  which 
Iie3  on  the  western  slope  of  the  Wasatch  Range, 
about  20  miles  southeast  of  Salt  Lake  City  and 
immediately  southwest  of  the  Park  City  dis¬ 
trict,  includes  the  Big  Cottonwood,  Little 
Cottonwood,  and  American  Fork  districts, 
which  contain  tho  mines  that  lie  hi  the  respec¬ 
tive  drainage  basins  of  the  threo  principal 
streams  whose  names  they  bear. 

The  northernmost  district  is  the  Big  Cotton¬ 
wood,  which  is  connected  with  Salt  Lake  Valley 
by  a  wagou  road  that  follows  Big  Cottonwood 
Canyon  and  crosses  the  Wasatch  divide  to  Park 
City.  In  summer  an  automobile  stage  runs 
from  Salt  Lake  City  to  Brighton  (Silver  Lake), 
a  resort  near  the  head  of  the  canyon,  and  the 
ores  mined  in  the  district  are  hauled  by  wagon 
and  by  auto  truck  to  smelters  in  Salt  Luke 
Valley. 

The  mines  of  the  Little  Cottonwood  district, 
which  lies  next  south,  are  clustered  about  Alta, 
in  Little  Cottonwood  Canyon,  The  camp  is 
reached  from  the  west  by  a  wagon  road  and  by 
a  narrow-gage  railway  spur  from  Alta  to  Wa¬ 
satch,  near  the  mouth  of  the  canyon,  whero  it 
connects  with  a  standard-gage  spur  that  joins 
the  Denver  &  Rio  Grande  Railroad  at  Midvale. 
The  portion  of  the  spur  above  Wasatch  was  long 
in  disuse  but  was  relaid  in  1917.  It  is  now  used, 
except  for  the  period  when  it  is  blocked  by  snow, 
for  conveying  stage  passengers,  who  are  carried 
in  automobiles  between  Salt  Lake  and  Wasatch, 
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and  for  transporting  part  of  tho  ore.  The  ore 
from  some  of  the  mines  is  conveyed  by  aerial 
tramway  about  5  miles  to  Tanners  Flat,  and 
thence  about  2  miles  bv  wagou  to  Wasatch, 
where  it  is  transferred  to  the  railway,  but  the 
ore  from  other  mines  is  still  carried  from  Alta 
to  Wasatch  by  wagon. 

The  American  Fork  district,  tho  southern¬ 
most  of  the  three,  is  connected  by  wagon  road 
with  the  town  of  American  Fork,  on  the  Denver 
&  Rio  Grande  and  the  Los  Angeles  &  Salt  Lake 
railways.  Its  largest  mines  are  grouped  about 
Miller  Hill,  a  prominence  near  the  head  of  the 
canyon.  A  stage  has  been  operated  intermit¬ 
tently  between  the  mines  and  the  town  of 
American  Fork.  About  16  miles  of  railroad 
was  laid  along  the  canyon  in  tho  early  days  but 
was  demolished  in  1S7S. 

Most  of  the  mines  of  tho  Cottomvood-Ameri- 
can  Fork  area  are  contained  in  the  Cottonwood 
special  quadrangle,  which  is  bounded  by  paral¬ 
lels  40°  33'  and  40°  39'  and  meridians  1 1 1 0  34' 
and  1110  40'  and  forms  tho  western  part  of  the 
area  mapped  in  Plate  XXVII.  Nearly  nil  the 
mines  of  tho  Big  and  Little  Cottonwood  dis¬ 
tricts  lio  within  these  limits,  though  the  Max¬ 
well  mine,  on  Big  Cot  tonwood  Creek,  and  a  few 
prospects  on  Little  Cottonwood  Creek,  are  a 
mile  or  two  farther  west.  Some  of  the  more 
productive  properties  on  the  upper  part  of 
American  Fork  lie  less  than  2  miles  south  of  the 
quadrangle,  and  the  lower  part  of  the  canyon 
contains  some  prospects  and  unimportant 
mines.  The  properties  in  the  basin  of  Snake 
Creek,  a  tributary  of  the  Provo  rising  in  the 
southeastern  part  of  the  Cottonwood  quad¬ 
rangle,  are  described  with  those  of  the  Cotton¬ 
wood- American  Fork  area. 

TOPOGRAPHY. 

RELIEF  AND  DRAINAGE, 

The  principal  topographic  features  of  the 
Cottonwood-American  Fork  region  are  the 
canyons  of  the  three  rnuin  westward-flowing 
streams,  the  two  ridges  that  lie  between  them, 
and  the  north-south  divide  of  the  central 
^  asatch,  which  parts  their  waters  from  those 
of  Weber  and  Provo  rivers.  These  crests  and 
canyons  aro  the  chief  lineaments  of  a  bohlly 
mountainous  landscape.  The  principal  sum¬ 
mits  aro  about  11,000  feet  high  and  those  at 
the  very  brink  of  tho  western  face  are  even 
higher  than  those  on  the  muin  divide;  the  main 


streams  receive  their  first  largo  branches  at 
8,000  to  8,500  feet  above  sea  level  anil  descend 
3,000  feet  or  more  in  flowing  8  or  10  miles 
farther  to  the  mouths  of  their  canyons. 

The  Cottonwood  quadranglo  is  so  placed 
that  tho  Wasatch  crest  divide  winds  in  and  out 
along  its  eastern  border.  From  the  north 
boundary  of  the  quadrangle  to  Sunset  Peak 
tho  crest  line,  which  is  here  tho  eastern  bound¬ 
ary  of  Salt  Lake  County,  curves  gently  west¬ 
ward  around  the  head  of  Cottonwood  Creek; 
and  nt  Sunset  Peak,  where  it  becomes  tho 
Iwundnry  between  Wasatch  and  Utah  coun¬ 
ties,  it  turns  more  sharply  eastward  around  the 
head  of  Snake  Creek. 

At  Sunset  Peak  the  bold  ridge,  locally  known 
ns  the  Bullion  Divide,  that  forms  the  northern 
boundary  of  Utah  County  and  of  tho  basin  of 
American  Fork,  branches  westward  from  the 
main  divide.  Tho  Bullion  Divirlo  leaves  tho 
Cottonwood  quadranglo  Hoar  tho  southwest 
comer,  just  beyond  the  Twin  Peaks,  whoso 
higher  summit,  11,491  feet  above  sea  level,  is 
tho  highest  point  within  that  area. 

The  ridge  which  parts  tho  two  Cottonwood 
creeks  and  may  bo  cnlled  the  Cottonwood  Divide 
does  not  quite  reach  the  Wasatch  crest  but 
joins  the  Bullion  Divide  near  Sunset  Peak. 
Thence  it  runs  northward  to  what  will  bo  called 
hereafter  Honeycomb  Hill,  where  it  turns 
abruptly  westward.  The  highest  point  on  this 
divido  within  the  quadrangle  is,  like  the  Twin 
Peaks,  close  to  tho  western  boundary;  it  is  a 
very  stoop  red  mountain,  11,030  feet  high, 
which  is  the  most  impressive  feature  of  (lie 
landscape  around  Alta.  This  peak  marks  tho 
junction  of  the  Cottonwood  Divido  with  the 
bold  north  spur  whoso  blow  is  formed  by 
Curbonate  Peak.  Tho  next  spur  to  the  east 
is  Reado  and  Benson  Ridge,  the  strongest 
crest  of  secondary  rank  within  tho  quadrangle. 

More  thou  the  northern  half  of  the  quadrangle 
lies  in  the  open  upper  valley  of  Cottonwood 
Creek.  Rising  in  the  broad  lake-dotted  basin, 
mado  up  of  coalescing  amphitheaters,  that  is 
overlooked  by  Honeycomb  Hill  and  by  Sunset 
and  Clayton  peaks,  this  creek  flows  north¬ 
westward  to  the  corner  of  the  qundranglc, 
near  which  it  takes  tho  general  westward 
course  that  it  holds  in  its  relatively  narrow  and 
rugged  lower  canyon.  Its  longor  tributaries 
enter  from  the  south,  heading  in  amphitheaters 
on  tho  north  slope  of  the  Cottonwood  divide. 
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Thoso  to  which  most  frequent  reference  will 
bo  made  are  Mill  D  South  Fork  and  Silver 
Fork,  whose  main  branch  is  Honeycomb  Fork. 

The  main  part  of  Little  Cottonwood  Canyon, 
with  its  headward  prolongation,  City  Rock 
Gulch,  forms  a  U -shaped  trough  which  runs 
nearly  straight  westward  from  Honeycomb 
Hill  to  the  front  of  tho  range.  Its  northern 
arid  southern  tributaries  are  even  more  unequal 
than  those  of  Cottonwood  Canyon.  From 
its  south  side,  within  the  quadrangle,  there 
open  three  hanging  valleys,  hesides  tho  great 
composite  basin  that  is  drained  by  tho  head¬ 
water  branches  of  the  main  stream;  its  north 
side,  on  tho  contrary,  is  merely  scarred  by 
shallow  gullies. 

The  valley  of  American  Fork  has  a  general 
southwesterly  course,  hut  its  main  headwater 
branch  and  Dry  Fork,  which  rise  within  the 
quadrangle,  flow  eastward  and  southward. 
Mary  Ellen  Gulch,  another  branch  on  which 
there  is  a  good  deal  of  mining  activity,  heads 
southwest  of  the  Silver  Dipper  mine,  in  an 
elbow  of  the  eastern  spur  of  the  Twin  Peaks. 

GLACIAL  PKATUnfa. 

The  U-shaped  sections,  smooth  walls,  and 
basin-like  heads  of  most  of  the  canyons  in  this 
area,  the  hanging  volleys,  and  the  numerous 
lakes  are  the  unmistakable  work  of  alpine 
glaciers.1  Little  Cottonwood  Canyon,  which 
illustrates  every  typical  feature  of  a  glacial 
valley,  contained  tho  longest  of  the  Pleistocene 
glaciers  of  tho  central  Wasatch.  'Hie  ice  was 
once  1,000  feet  deep  near  Alta  and  extended 
downstream  beyond  tho  mouth  of  tho  canyon, 
where  it  left  strong  lateral  moraines  that  are 
broken  by  recent  faults.2  Tho  glaciers  of 
Cottonwood  Creek  and  American  Fork  reached 
only  about  halfway  to  the  mouths  of  their 
canyons. 

The  heaviest  glacial  deposits  within  the 
quadrangle  are  probably  those  about  Giles 
Flat,  on  Cottonwood  Creek.  Strong  moraine 
terraces  rise  to  tho  8,750-foot  contour  southwest 
of  that  place,  and  the  long  spur  east  of  it  is  ft 

1  .Uwjurt,  W,  W.,  ciud.it  ion  ol  tho  Uinta  and  Wase.’.ch  mountains: 
U.  S.  Gcal.  Survey  T'rol.  Paper  <11,  IX»  DescrlNu  glacial  phenomena 
in  filKhvae  canyons  rat  liar  tally.  It  may  IcrramarW  Unit  tho  “  Mill  A” 
branch  of  Cottonwood  Creek  described  on  p.  87  ol  Atwood's  report  is 
ov.loutly  Mill  P  8outti  Fork  and  should  bo  shown  on  his  Plato  X  as 
lytr.K  Just  cast  ol  Has  in  12  (Mineral  Fork). 

*  Gilbert,  0.  K.,  l.alio  Bonneville:  U.  S.  Ocol.  Survey  Mon.  1,  Pi'- 
347,  IS#).  Atwood,  W.  W.,  op.  Clt.,  p. S2,  pi.  II. 


moraine.  There  is  much  morainic  material 
about  Alta.  That  on  the  slope  north  of  the 
town  has  indirect  economic  interest  because  it 
obscures  the  geologic  structure,  the  deciphering 
of  which  is  likely  to  be  of  great  help  in  exploit¬ 
ing  the  ore  bodies. 

IVATKlt  SUPPLY. 

The  region  is  well  supplied,  on  the  whole, 
with  excellent  water,  though  many  of  the 
stream  beds  are  usually  dry-  —a  fact  that  is 
probably  due  in  part  to  tho  prevalence  of  lime¬ 
stone,  in  which  there  may  be  underground 
channels  that  engulf  the  normal  flow.  The 
sunken  streams  emerge  ns  copious  cold  springs 
on  Mill  D  South  Fork  and  on  Silver  Fork. 

Each  of  the  three  main  streams  is  made  to 
generate  electric  power,  which  is  used  by  several 
of  the  mines  and  might,  if  fully  developed, 
suppty  all  the  needs  not  only  of  this  mining 
region  but  of  neighboring  towns  in  Salt  Lake 
and  Utah  valleys.  Cottonwood  Creek  also 
furnishes  part  of  Salt  Lake  City’s  water  supply. 
Its  flow  is  somewhat  equalized  by  the  utiliza¬ 
tion  of  several  lakes  ns  reservoirs,  the  largest 
one  being  formed  by  the  damming  of  the 
Twin  Lakes,  which  have  been  so  raised  as  to 
form  a  single  sheet  of  water. 

CLIMATE  AND  VEGETATION. 

The  climate  of  the  region  is  cool,  and  the 
precipitation  considerable,  the  snowfall  being 
so  heavy  that  winter  operations  are  greatly 
hampered  and  the  roads  are  not  clear  until 
late  in  spring.  Snow  lingers  on  some  high, 
shady  slopes  until  late  in  summer,  and  in  years 
of  especially  heavy  snowfall  a  few  banks  may 
survive  until  they  are  covered  by  the  fresh 
snows  of  autumn.  Destructive  snowslides  are 
remarkably  frequent.  They  are  said  to  have 
destroyed  300  lives,  besides  much  property, 
in  the  Little  Cottonwood  district  alone.1 

The  frequency  of  slides  is  due  largely  to  the 
improvident  completeness  with  which  tho 
t  imber  has  been  removed.  Of  the  once  heavy 
coniferous  forest  only  straggling  pines  and  firs 
remain  in  places  difficult  of  access,  and  little 
reforestation  is  taking  place.  Aspen  and 
scrub  oak  and  other  bushes  are  common  in  the 
Cottonwood  basin,  where  the  larger  aspens 
are  cut  for  poles  and  logs. 

■  Palmer,  Leroy,  Modern  Milling  at  Alia,  Utah:  Salt  Lako  Min.  R<sr., 
VoL  8,  p.  17,  1*». 
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GEOLOGY. 

SCOPE  OF  TREATMENT. 

The  geology  of  the  Cottonwood-Park  City 
region  is  described  in  the  following  pages  with 
rather  more  detail  than  that  of  the  other  min¬ 
ing  districts  considered  in  this  volume.  Itsecms 
best  to  record  here  somewhat  fully  the  informa¬ 
tion  that  is  now  in  hand,  much  of  which  has 
been  gathered  since  the  last  general  account 
of  the  region  was  published. 

This  account  concerns  itself  chiefly,  though 
not  exclusively,  with  the  Cottonwood  quad¬ 
rangle,  to  which  intensive  geologic  field  work 
and  mapping  have  been  confined. 

SEDIMENTARY  ROCKS. 

TREATMENT  AND  8D3DIYI8ION. 

The  shortest  line  that  traverses  all  the 
sedimentary  strata  exposed  in  the  urea  repre¬ 
sented  by  Plate  XXVII  extends  from  the 
intersection  of  Little  Cottonwood  Creek  with 
the  8,000-foot  con  torn1  to  the  northeast  corner 
of  the  Cottonwood  quadrangle,  which  is  also 
the  northwest  corner  of  the  Park  City  quad¬ 
rangle.  All  along  this  line  the  strata  dip 
northeastward,  and,  although  they  are  re- 


|  pented  by  faulting,  the  oldest  of  them  arc 
found  at  the  southwest,  in  contact  with  the 
Little  Cottonwood  stock  of  grnnodiorite,  and 
the  youngest  at  the  northeast,  in  the  corner 
common  to  the  two  quadrangles. 

I  The  Cottonwood  quadrangle  thus  contains 
i  u  cotnpleto  section  of  all  the  sedimentary 
formations  that  occur  in  tho  Park  City  district, 
and  of  a  great  thickness  of  older  strata  besides; 
the  geologic  description  of  tliis  quadrangle 
might  therefore  logically  include  the  complete 
stratigraphy  of  tho  Cottonwood-Park  City 
region.  But  inasmuch  as  the  ore  deposits 
of  the  Cottonwood-Ajnerh'un  Fork  area  lie 
almost  wholly  in  the  formations  below  the 
Weber  quartzite,  which  is  the  lowest  forma¬ 
tion  thnt  is  fully  developed  near  Park  City, 
it  is  more  convenient  to  reserve  the  description 
of  the  Weber  and  later  formations  for  tho  pages 
devoted  to  the  Park  City  district,  and  to 
describe  in  the  present  division  of  the  report 
only  the  strata  below  the  Weber  quartzite. 

Tho  age  of  the  Weber  quartzite  is  Ponnsyl- 
vaniau,  and  that  of  the  strata  below  it  ranges 
downward  from  Mississippiau  to  pre-Cambrian. 
For  the  purpose  of  preliminary  mapping  and 
description  the  p re -Pe nn sy  1  v an i an  strata  have 
been  divided  into  five  formations,  as  follows: 


Divisions  of  pre- Pennsylvanian  strata. 


5 


4 

3 


I 


Age. 

Dominant  rock. 

Maximum 
thick  neas 
(feet). 

2,  400 

600 

Unreoformity,  locally  cutting  down  aa  low  as 
division  2;  no  Silurian  or  Ordovician  strata 
present. 

....  do .  -  - .  .... 

Do 

420 

Do  . 

Quartzite . 

SOO 

Unconformity. 

Tre-Cambrian . 

Tillite  and  quartzite  in  Cottonwood  quadrangle, 
also  shale  and  schist  farther  west  (base  not 
exposed). 

10, 000± 

1 

1-1,220  ± 

Oil  the  geologic  map  (PI.  XXVII)  the  two 
limestones,  4  and  5,  are  shown  as  merged  to¬ 
gether  south  of  Little  Cottonwood  Creek,  uud 
a  few  small  areas  of  pre-Cambrian  rocks  are 
merged  with  the  Cambrian  quartzite. 

The  interpretation  of  the-  pre-Ponnsylvanian 
stratigraphy  that  is  outlined  above  differs 
radically  in  some  respects  from  that  which  was 
offered  by  the  geologists  of  the  Fortieth  Parallel 


Survey.1  These  pioneers  believed  that  the 
granitic  rocks  were  Archeun,  and  they  over¬ 
looked  tho  sub-Cambrian  and  sub-Devoninn  un¬ 
conformities.  An  overnight  entailing  more 
serious  consequences  was  their  failure  to 
recognize  the  great  overthrust  faults  that  have 
pushed  tho  Cambrian  quartzite  on  top  of 
Mississippian  limestone  in  both  tho  sections 
t  c.  S.  Ocot.  F.spl.  40lh  Par.  Rc.pl.,  vol.  I,  PI'  ISIS. 
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that  they  chose  for  special  study,  that  in  the  The  former  and  present  interpretation3  of 
conj'on  of  Weber  River  1  and  that  in  the  Cot  ton-  the  pre-Pennsylvanian  section  on  Cottonwood 
wood  region.  and  Lit-tlo  Cottonwood  creeks  nre  as  follows: 

Stratigraphy  of  Cottonwood  rcyinn,  accoriliug  to  carlur  and  later  authors. 

Fortieth  Parallel  Survey.  United  States  Geological  Survey. 


(Sequence  said  to  be  conformable  down  to  base  of  Cambrian.] 
Weber  quartzite . - . 

Waeutch  limestone  (mostly  Carboniferous  but  containing 
Devonian  fossils  iu  lower  part). 


Ogden  quartzite  (Devonian) . 

Tltc  limestone  (Riluriau) . . . 

Cambrian  shale . 

Cambrian  quartzite  (12.000  feet  thick).! 

Lower  Cambrian  slates  (800  feet  thick).] 

Archean  granite,  limited  upward  by  an  extremely  rugged 
erosion  surface  of  pre-Cambrian  age. 


(Sequence in  part  thrice  repeated  by  overthrnst  faulting.) 
Weber  quartzite  (Pennsylvanian). 

Unconformity, 

{Misatasippian  (and  Devonian?)  limestone. 

Unconformity. 

Cambrian  limestone. 

Cambrian  shale. 

Cambrian  quartzite 
Unconformity. 

If  pper  part  of  pre-  Cambrian. 

Columbus  overthrust. 

Cambrian  quartzite. 

Alta  overtbrust 

Alississippian  to  Cambrian  limestone  (as  above). 
Cambrian  shale. 

I  Cambrian  quartzite  (about  S00  feet  thick). 
Unconformity. 

Pre-Cambrian  tillite,  quartzite,  slate,  etc.  (about  10,000 
feet  thick). 

Granitic  rocks  are  post-Jurassic  and  form  irregular  mas** 
cutting  all  the  strata  above  described. 


vke-camuhian  rocks. 

One  of  the  classic  sections  of  Into  pro-CJam- 
briim  (Algonkiun)  strata  is  exposed  along 
Cottonwood  Creek,  where  then  total  thickness 
na  measured  by  Walcott 4  is  aliout  11,000  feet. 
All  the  beds  below  the  lowest  limestone  were 
classed  ns  Cambrian  by  the  geologists  of  the 
Fortieth  Parallel  Survey  and  also  by  Walcott 
in  his  earlier  paper.  In  his  Inter  paper  Walcott 
regarded  as  pre-Cambrian  all  or  most  of  the 
strata  below  the  fossiliferous  Cumbrian  shale. 
It  is  now  established  that  there  is  an  uncon¬ 
formity  about  1,000  feet  below  this  shale;  and 
the  10,000  feet,  more  or  less,  of  strata  below  the 
unconformity  is  regarded  as  pre-Cambrian. 

The  general  features  of  the  pre-Cambrian 
are  summarized  by  Blaekw elder  3  as  follows: 

It  consists  of  alternating  beds  of  quartzite,  slate,  and 
conglomerate,  -which  are  variable  from  place  to  place; 
cross-bedding,  ripple  marks,  and  mud  cracks  are  preva¬ 
lent.  The  materials  are  not  well  assorted,  and  in  the 
sandy  beds  the  prevailing  colors  are  yellow,  gray,  and  red, 
while  purple,  maroon,  and  green  predominate  in  the 

i  Dlickwrhk'r,  Eliot,  op.  cit. 

•Walcott,  C.  D.,  Thu  Cambrian  tounas  ot  North  Am«rlca,s<‘°or.d  con¬ 
tribution:  U.  S.  GooE  Survey  But).  50,  p.  as,  1SSS;  Com  Nikon  papers— 
i’imbrlan:U.  9.  Coot. Survey  Bull,  81, pp  ISO, 319, 1S01.  Tblanwasure- 
mzo  torn  h airily  be  considered  reliable  In  v,,  w  ot  the  thrust  faults  wtdeh 
h»v«  tv-r-n  discovered  stneo  Walcolt'i  visit  and  which  rxvl'Obly  cross 
this  VT'-lion.  1 

•Blackweldcr,  Kllot,  op.  etc.,  p.  324. 


shaly  layers.  There  is  apparently  a  general  lack  of  lime¬ 
stone  and  of  fossils. 

Tlie  sc  tics  is  regarded  by  Blackweldcr  es 
probably  of  continental  origin. 

On  Little.  Cottonwood  Creek  the  pre-CambriHii 
strata  are  in  great  part  engulfed  or  displaced 
by  granodiorite.  Schists  and  quartzites,  al¬ 
tered  by  the  intrusion,  are  exposed  near  the 
mouth  of  the  canyon;  they  may  belong  to  the 
lower  part  of  the  Algonkian  or  may  be  Archean. 
In  the  western  part  of  the  Cottonwool!  quad¬ 
rangle  about  2,000  feet  of  pre-Cambrian  strata 
intervene  between  the  base  of  the  Cambrian 
and  the  granodiorite.  The  lower  portion  of 
those  beds  consists  mainly  of  grayish  rusty 
quartzite.  The  upper  portion  is  regarded  by 
Hintze  *  as  tillite,  an  ancient  glacial  deposit. 
Both  quartzite  and  tillite  occur  in  the  broad 
belt  of  pre-Cambrian  rocks  in  the  southwestern 
part  of  the  quadrangle;  the  strip  farther  east, 
extending  south  from  City  Rock  Gulch,  con¬ 
sists  of  tillite. 

The  great  outcrops  of  tillite  at  the  head  of 
Superior  Gulch  are  conspicuously  dark  and 
rusty'.  The  bedding  of  this  rock  appears  dis¬ 
tinct  in  distant  views,  but  tho  beds  are  Usu¬ 
ally  thick,  the  tillite  being  generally  free  from 
lamination  and  notably  tough.  Typical  blocks 
consist  iu  greater  part  of  a  uniformly  dark 
*  Hintzo,  F.  K.f  Jr.,  op.  cit,,  p.  99. 
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bluish-green  matrix,  having  the  average  tax-  | 
ime  of  mediuru-grnined  sandstone,  in  which 
pebbles  nnd  boulders  are  embedded  at  wide 
intervals.  Most  of  the  pebbles  and  boulders 
are  less  than  6  inches  in  diameter;  some  are 
well  rounded ;  others  are  more  or  less  angular. 
Most  of  them  consist  of  quartzite,  limestone, 
and  other  sedimentary  rocks,  bul  a  few  are 
irnmitic.  The.  matrix,  examined  microscopi¬ 
cally,  shows  rounded  to  angular  grams  of 
quartz  and  feldspar  embedded  in  abundant 
cloudy  mud.  The  imperfect  sorting  thus  shown 
bv  the  structure  of  the  matrix  as  well  as  by 
the  sparse  distribution  of  the  boulders  is  char¬ 
acteristic  of  glacial  deposits  and  indicative  of 
glacial  origin. 

UNCONFORMITY  AT  BASK  OF  CAMBRIAN. 

An  unconformity  in  the  upper  part  of  the 
great  quartzite  series  of  Big  Cottonwood  Can¬ 
yon  was  discovered  by  Blaekwelder 1  in  1909 
and  was  regarded  by  him  as  dividing  Cambrian 
from  Algonkinn  strata.  A  conglomerate  lying, 
at  a  rough  estimate,  about  1,500  feet  below  the 
top  of  the  quartzites  rests  hero  with  slight  hut. 
visible  angular  discordance  tipon  the  beveled 
edges  of  lower  beds  of  quartzite  and  shale. 
Hintze2  regards  the  same  unconformity  ns 
dividing  the  tillitc  of  the  Cottonwood  quad¬ 
rangle  from  a  persistent  conglomerate  which 
forms  the  base  of  the  overlying  quartzite. 
Although  no  angular  discordance  at  this  hori¬ 
zon  has  actually  been  seen  within  the  quad¬ 
rangle,  evidence  of  unconformity  is  given  by 
the  presence  of  pebbles  of  tillite  in  the  con¬ 
glomerate  and  by  the  tapering  out  of  the  tillite 
between  the  Cottonwood  Divido  and  Cotton¬ 
wood  Creek. 

Additional  evidence  is  afforded  by  compari¬ 
son  of  sections  in  various  parts  of  the  Wasatch 
Mountains.  Throughout  the  range  the  great 
body  of  limestone  is  underlain  by  shale,  from 
which  in  places  Cambrian  fossils  have  been 
taken.  Immediately  beneath  the  shale  in  all 
known  sections  thero  lies  a  stratum  of  quartzite, 
which  rests  on  beds  that  are  mainly  siliceous 
but  not  wholly  quartzitic.  The  thickness  of 
the  series  bolow  the  Cambrian  shale  is  remark¬ 
ably  uneven.  The  1 1,000-foot  section  on  Cot¬ 
tonwood  Creek  is  the  thickest  that  has  been 
measured  in  the  Wasatch  Mountains.  At  Wil- 

1  TMackwoM«r,  EUol,  op.  clt.#  pp.  63»-W. 

1  TlinUe,  F.  F.,  )r*»  «P*  »  PP' 


laid,3  about  50  miles  to  the  north,  only  1,000  to 
1,500  foot  of  quartzite  intervene  between  the 
Cnmbrinn  shale  nnd  Archean  gneiss;  near  San- 
taquin,'  about  40  miles  south  of  the  Cotton¬ 
wood  section,  800  feet  of  the  quartzite  rests  on 
gneissoid  pre-Cumbrian  granite  containing  large 
inclusions  of  schist.  Those  variations  in  thick¬ 
ness  may  well  be  due  in  part  to  inequalities  in 
the  amount  of  deposition  at  different  places, 
but  considered  in  the  light  of  tho  relations  ob¬ 
served  in  the  Cottonwood  region,  they  appear 
to  be  iluo  in  greater  part  to  prolonged  and 
generul  erosion  of  gently  folded  pre-Cambrian 
strata,  followed  in  early  Cambrian  time  by  tile 
deposition  of  a  thick  and  extensive  layer  of 
sand,  which  now  forms  the  basal  member  of 
tho  Cambrian. 


CAMBRIAN*  SYSTKM. 


Quartzite. — Cnmbrinn  quartzite  is  abundant 
in  the  western  and  southern  parts  of  the  quad¬ 
rangle  but  is  nowhere  better  exposed  than  in 
the  hill  on  tho  Cottonwood  Divide  dno  oast  of 
tho  Monte  Cristo  mine.  Its  total  thickness  at 
this  place  is  about  800  feet.  The  basal  con¬ 
glomerate,  which  is  hero  only  4  feet  thick  and 
whose  thickness  elsewhere  in  the  quadrangle 
hardly  exceeds  10  feet-,  oontnins  pebbles  of 
quartzite,  gneiss,  and  tillite.  Tho  great  bod}' 
of  the  formation  consists  of  thick-beddod 
quartzite,  which  contrasts  with  the  tillite  bo¬ 
low  and  the  shale  above  by  its  bold  outcrops 
and  its  light  though  somewhat  rusty  color. 
The  quurtzito  is  white,  pale  gray,  or  pinkish  on 
fresh  fracture,  hard,  vitreous,  nnd  rather  coarse¬ 
grained.  Some  layors  hesides  tho  basal  one 
are  pebbly,  and  some  are  cross-bedded.  Be¬ 
tween  the  quartzite  and  the  overlying  shale  is 
a  transitional  zone,  about  20  feet  thick,  of  inter- 
bedded  shale  and  quartzite. 

Shale. — The  shnly  division  of  the  Cambrian 
system  consists  of  three  well-defined  members ; 
the  upper  and  lower  members  are  shales  and 
the  middle  member  is  a  limestone. 

The  lower  shale  is  aliout  240  feet  thick. 
It. is  fairly  uniform  in  color,  nnweatbered  pieces 
usually  being  dark  gray  tinged  with  bluish 
green;  its  outcrops  are  stained  with  reddish 
!  iron  oxide.  The  uppermost  part  of  this  shale 
j  is  fine  grained  and  fissile,  but  most  of  it  is 


•  BtacVwrWw,  EHot,  of>.  tit.,  p.  &20,  pi.  »,  II*.  2. 

,  toufjilitt,  OF,  ncoranalMiknc-  In  th* w»iOieru  Wnsntch  Mountain*. 
I'lah:  Jour  Gcolazy,  vot.  21,  p.  M7,  1011. 
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snndy  and  rather  tough,  with  wavy  and  lumpy 
bedding  planes.  It  is  not  calcareous  with  the 
exception  of  a  few  layers  which  are  slightly 
so.  Fossils  ure  numerous,  though  most  of 
them  are  poorly  preserved.  Branching  twig¬ 
like  bodies  that  may  represent  some  low  or¬ 
ganism  are  common  in  certain  beds. 

The  limestone  member,  which  is  nbout  80 
feet  thick,  is  characterized  by  a  peculiar  type 
of  lamination.  Most  of  tho  limestone  is  fnirly 
massive  in  appearance  and  consists  in  greatest 
part  of  blue-gray  granular  culcitc,  but  it  con¬ 
tains  thiu  crinkly  layers  of  ft  fine-grained 
siliceous  substance  which  projects  in  rolief  on 
the  weathered  surface.  The  siliceous  material 
is  most  abundant  near  the  top  of  tho  limestone 
stratum,  where  tho  thicker  layers  of  it.  inclose 
calcareous  nodules. 

The  upper  shale  is  nhout  100  feet  thick.  It 
is  lighter  and  more  greenish  in  original  color 
than  the  lower,  nnd  its  weathered  outcrops, 
though  even  more  deeply  stained  with  iron 
oxide  than  those  of  the  lower  shale,  are  brown¬ 
ish  rather  than  reddish.  Its  texture  is  fine, 
its  bedding  planes  are  smooth,  nnd  it  is  divided 
into  blocks  by  clean-cut  intersecting  joints. 
The  upper  shale  is  slightly  calcareous  and 
therefore  more  sensitive  to  metamorphism 
than  the  lower.  It  contains  very  few  fossils. 

Limestone. — The  Cambrian  limestone  of  this 
area  is  limited  at  the  top  by  an  unconformity. 
In  some  places  it  was  wholly  removed  by  ero¬ 
sion  before  the  deposition  of  the  overlying  beds; 
elsewhere  as  much  ns  600  feet  of  it  remains.  In 
the  neighborhood  of  the  Flagstaff  tunnel  and 
at  certain  places  on  the  top  and  western  slope 
of  Rcado  and  Benson  Ridge  it  is  exposed  with 
maximum  thickness  and  minimum  alteration, 
and  it  is  to  such  exposures  that  the  following 
description  applies. 

Tlio  Cambrian  limestones  are  in  greater  part 
magnesian;  they  are  characterized  by  various 
kinds  of  mottling  and  lamination  aud  by 
oolitic  and  “wormy”  structures,  and  they  are 
interbedded  with  a  little  shale  and  limestone 
conglomerate.  The  more  peculiar  rocks  of  the 
series  have  the  following  features,  which  are 
best  observed  on  weathered  surfaces: 

“Gray-mottled”  limestone:  Irregubw  inter¬ 
penetrating  patches  of  lighter  and  darker  gray 
appear  on  weathered  surfaces,  the  darker 
patches  more  gritty  than  the  lighter.  Much 
of  this  rock  is  oolitic  or  “wormy.” 


Oolitic  limestone:  Dark-grnv  spherules,  like 
fish  eggs,  a  millimeter  or  less  in  diameter,  aro 
thickly  crowded  in  a  lighter  matrix.  These' 
are  commonly  associated  with  distinctly  larger 
ellipsoidal  bodies  about  a  centimeter  in  average 
diameter. 

“Wormy”  limestone:  White  bodies,  about 
2  to  3  millimeters  thick  and  about  ten  times  os 
long,  either  roughly  cylindrical,  branching,  or 
irregular  in  shape,  nro  embedded  in  a  darker 
matrix. 

Buff-mottled  limestone  and  shale:  The  na¬ 
ture  of  the  buff-mottled  rock  is  similar  to  tbut 
of  the  limestone  interbedded  with  the  shale 
below.  It  is  made  up  of  two  materials,  blue- 
gray  nonmagnesian  limestone  nnd  calcareous 
but  also  more  or  less  siliceous  material  which 
has  n  huff  color  and  stands  in  relief  on  weath¬ 
ered  surfaces.  Every  gradation  may  he  ob¬ 
served  between  blue  limestouo  slightly  mot¬ 
tled  or  banded  with  bull',  buff  rock  containing 
thin  lenses  tmd  flat  nodules  of  blue  limestone, 
shale  containing  rounder  nodules,  nnd  fissile, 
buff-stained  olive-green  shale  that  is  free  from 
nodules. 

Limestone  conglomerate:  Several  thin  beds 
of  intraformational  limestone  conglomerate  am 
associated  with  the  huff-mottled  limestone. 
The  pebbles  are  flat,  consist  exclusively  cf 
limestone,  and  are  embedded  in  a  limestone 
matrix. 

The  following  section  is  compiled  from  ex¬ 
posures  between  the  Cardiff  and  Flagstaff 
mines.  The  thicknesses  given  are  approxi¬ 
mate. 

Composite  section  of  Cambrian  limestones. 

Foe 

8.  Magnesian  Limestone,  gritty  surfaced,  dark  to  light 


gray,  gray  mottled,  and  oolitic .  70 

7.  Shale  and  partly  flaggy  huff-mottled  limestone, 
shale  dominating  near  top  and  bottom  ... .......  IjO 


6.  Dark  huff-mottled  limestone,  the  buff  material  gen¬ 
erally  subordinate;  some  gray-mottled  layers....  75 
5.  Magnesian  limestone,  mostly  dark  and  gray  mot¬ 
tled,  with  oolitic  and  "wormy”  layers.  (A  thin 
bed  of  litncHiony  conglomerate  near  the  top  of  this 
division  and  several  others  in  divisions  G  and  7).  75 
•1  Fine-grained  limestone;  lower  half  cream-white 
and  finely  fluted  on  weathered  surface;  upper 
half  yellowish,  in  partsandy,  nnd  strongly  fluted.  3) 
3.  Magnesian  limestone,  nearly  black,  crowded  with 
conspicuous  white  “worms,"  alternating  with 
thinner  light-gray  hands;  called  "guinea-hen ” 
limestone  in  the  field .  30 
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2,  Magmwun  limestone,  rather  thick  bedded, 
sharply  jointed,  mostly  dirty  li-ht  «iay  and 
unmutUcd  hut  containing some  enamel  y  mottled 
layers  and  s.oue  *'  worray  ”  layers  like  division  3.  t;f> 
j.  Magnesian  limestones,  generally  dark  bine-gray 
and  thin  bedded;  gray  mottling  -writ U  »>me 
tinges  of  buff  is  common;  many  la  yets  arc 
oolitic  and  sotue  uro  "wormy";  sandy  laminae 
in  lowest  10  feet .  105 

Caitibriun  sltnle.  - 

The  most  useful  horizon  markers  in  the 
formation  are  the  while  stratum  (division  4) 
ond  tho  shnly  beds  and  associated  buff-mottled 
limestone  (division  7).  The  white  stratum  is 
conspicuous  on  tho  slope  west  of  the  FlagstnlT 
tunnel,  and  on  the  west  slope  of  Reade  and 
Benson  Ridge  its  occurrence  in  several  parallel 
bands  with  nearly  uniform  easterly  dip  is 
the  most  clearly  visible  evidence  of  tho  repented 
thrust  faulting  that  has  there  taken  place. 
The  shale  and  buff-mottled  limestone,  though 
less  prominent,  aro  even  more  distinctive,  and 
their  contrast  to  the  other  beds  is  not  dimin¬ 
ished  by  metnmorphism,  which  obscures  or 
obliterates  the  peculiarities  of  most  of  the 
other  sorts  of  Cambrian  limestone.  (Seep.  242.) 

Fossils  and  correlation  of  Cambrian  rocks. — 
Abundant  fossils  collected  by  Messrs.  Butler 
aud  Lougblin  from  the  lowest  member  of  the 
Cumbrian  shale  have  been  identified  by  Edwin 
Kirk  os  Middle  Cambrian.  Walcott1  reports 
the  Lower  Cambrian  fossils  OleneUua  c/Jhaii 
and  Cruziana  sp.  from  a  narrow  zone  at  the 
base  of  this  shale  on  Big  Cottonwood  Canyon, 
as  well  ns  Middle  Cambrian  fossils  about  100 
feet  higher;  but  Lower  Cambrian  fossils  were 
not  found  in  the  recent  examination  of  the 
region.  The  quartzite  below  the  shale  has 
yielded  no  fossils  in  this  region,  but  its  Cam¬ 
brian  age  is  fairly  evident  from  its  gradation 
to  the  overlying  shale  and  its  unconformity 
with  the  underlying  strata. 

A  few  fossils  taken  from  the  upper  member 
of  the  shale  formation  and  from  the  base  of 
the  limestone  are  regarded  by  Messrs.  Walcott 
and  Kirk  as  possibly  Upper  Cambrian.  Some 
of  the  highest  beds  of  shale  associated  with 
‘he  buff-mottled  limestone  (division  7,  p.  230) 
have  yielded  two  hraehiopods  and  a  trilobite 
"Inch,  according  to  E.  O.  Ulrich,  indicate  u 
horizon  rather  low  in  the  Lpper  Cambrian. 

'Wglcui,  l\  1>.4  Correlation  papers— Cumbrian:  l .  *>•  £111  vif 

Null.  $\f  p  3^ 


It  has  not  been  proved  that  tho  gray-mottled 
beds  above  this  shale  are  Cambrian,  but  their 
resemblance  to  lower  beds  that  aro  certainly 
Cambrian  may  justify  a  provisional  assignment 
to  that  system. 

The  peculiar  oolitic,  “wormy,”  and  mottled 
structures  aro  perfectly  duplicated  in  the 
Cambrian  limestones  of  Montana  and  other 
regions.  The  general  ascending  sequence- — 
quartzite,  shale,  limestone  is  characteristic  of 
the  Cambrian  in  the  American  Rockies,  and 
thero  is  a  striking  resemblance  in  many 
respects  between  the  Cottonwood  section  and 
the  section  at  l’hilipsburg,  Mont.2 

OXCUXMiRillTY  AT  MASK  OK  DEVONIAN  OK  OA  UHON1FKKOU9 
LIMESTONE. 


The  baso  of  the  limestone  series  above  the 
Cambrian  is  marked  by  na  unconformity,  the 
evidence  of  wliich  is  best  observed  on  the 
west  slope  of  Reade  and  Benson  Ridge.  At 
a  point  1,100  feet  northeast  of  the  Kennebec 
tunnel,  a  pebbly  sandstone  lies  with  a  discord¬ 
ance  in  dip  of  about  5°  upon  oeherous  lime¬ 
stone,  limestone  conglomerate,  and  shale  be¬ 
longing  to  the  upper  part  of  division  7  of  tho 
Cambrian  limestone.  (See  p.  236.)  Tho  beds 
above  and  below  the  unconformity  diverge 
toward  the  south,  and  iu  that  direction  the 
uppermost  gray-mottled  limestone  of  the 
Cambrian  soou  appears  and  gradually  thickens. 

These  relations  give  the  clue  to  the  great 
differences  in  the  thickness  of  the  Cambrian 
limestone  at  different  places.  At  a  point  100 
yards  northwest  of  the  locality  described 
above,  but  separated  from  it  by  an  overthrusl, 
tho  uncon formitv  lies  on  the  gray-mottled 
stratum  (division  4)  below  the  main  buff- 
mottlod  beds.  On  Montreal  Hill,  across  Mill 
D  South  Fork,  it  lies  near  the  base  of  the 
Cambrian  limestone,  the  thin  remnaut  of 
which  is  not  distinguished  on  the  map.  The 
juxtaposition  of  limestouo  with  Cambrian 
quartzite  at  the  mouth  of  Days  Fork  is  prob¬ 
ably  due  to  this  unconformity.  In  the  vicin- 
ity  of  Mill  D  South  Fork,  therefore,  the 
amount  of  erosion  increased  westward  and 
northward;  if,  therefore,  the  old  erosion  sur¬ 
face  was  nearly  plane,  the  Cambrian  rocks  in 


’Emnionx,  W.  n„  and  Calkin*,  F.  C„  Oeoltvjr  and  or*  ic:  of 

.a  PhiUjxhU/K  quadrunglr,  Mont:  C.  8.  Gent.  Furvvy  ITnf.  I  .per 
1,  pp.  49-1-1,  1913;  r.  8.  Gooi.  Snrvey,  G<ol.  Atla*,  PlilUp*l.urK  folio 
Sio.  !96>,  1915. 


238 


OP.E  DEPOSITS  OF  UTAH. 


this  part  of  the  quadrangle  wero  tilted  south¬ 
eastward  before  the  period  of  erosion. 

Southeast  of  the  Bodfish  tunnel  on  Silver 
Fork  tho  buff-mottled  limestone  and  an 
unknown  thickness  of  rock  below  it  are  cut 
away  by  the  unconformity. 

In  passing  along  the  south  slope  of  the 
Cottonwood  Divide,  from  Superior  Gulch, 
one  finds  an  abrupt  change  in  the  level  of 
the  unconformity  on  crossing  each  major 
fault.  In  the  cliffs  just  east  of  Superior  Gulch 
the  unconformity  lies  below  the  buff-mottled 
limestone  (division  6).  North  of  Alta  it  lies 
on  the  uppermost  gray-mottled  Cambrian 
limestone.  At  tho  Alta  Consolidated  mine, 
on  the  contrary,  the  Cambrian  Limestone  is 
entirely  absent,  the  highest  Cumbriun  bed 
belonging  to  tho  upper  member  of  the  shale. 
On  Honeycomb  Hill,  again,  the  buff-mottled 
limestone  and  shale  (division  7)  and  a  little 
of  the  uppermost  gray  limestono  are  present. 

As  alrendy  indicated,  the  boundaries  between 
tho  Cambrian  aud  the  later  limestone  have  not 
been  traced  south  of  Little  Cottonwood  Creek, 
and  tho  fact  that  the.  map  fails  to  show  a 
distinctive  color  for  Cambrian  limestone  in 
the  southern  part  of  the  area  therefore  does 
not  mean  that  tho  unconformity  here  lies  on 
tho  Cambrian  shale. 

DEVONIAN  (7)  AND  CAKBONITEROUa  LIMESTONE. 

Distribution  and  character. — -The  strata  that 
occupy  tho  intorval  of  nearly  2,400  feet  be- 
twoen  the  post-Cambrian  unconformity  and  the 
Weber  quartzite  occur  chiefly  in  a.  broad  zone 
extending  from  the  northwest  to  the  southeast 
corner  of  the  quadrangle,  and  they  form  the 
country  rock  of  some  valuable  ore  bodies.  They 
consist  predominantly  of  limestone  but  com¬ 
prise  a  little  shale  and  sandstone  near  tho  base, 
and  a  well-defined  member,  about  300  feet 
thick,  consisting  chiefly  of  the  same  rocks  not 
far  below  the  top.  'Hie  limestones  bear  none 
of  tho  peculiar  markings  that  are  characteristic 
of  the  Cambrian  limestones.  In  greuter  part 
they  are  nonmagnesinn,  prevailingly  dark  blue- 
gray,  though  varying  almost  from  black  to 
white,  and  more  or  less  cherty  and  fossiliferous ; 
but  the  lower  strata  contain  little  chert  and 
few  fossils,  and  some  of  them  are  magnesian. 
The  chert  forms  lenses,  pods,  and  irregular 
lumps,  quite  unlike  tho  thin  layers  of  siliceous 
material  in  some  of  the  Cambrian  limestones. 


The  stratigraphy  of  these  post-Cumbrian 
limestones  has  been  less  carefully  worked  out 
than  that  of  the  Cambrian  limestones.  Sonic 
of  the  measures  of  thickness  given  in  the  fol¬ 
lowing  section  aro  averages  from  several  rough 
measurements,  whose  differences,  though  prob¬ 
ably  due  in  part  to  errors  and  to  undetected 
faulting,  must  in  part  represent  actual  varia¬ 
tions  in  the  thicknesses  of  the  strata. 

Gincralhrd  section  of  Mi*si*iippian  (flto/  Deconiovt) 
limestones. 

Unconformity  (?)  at  base  of  Weber  quartzite.  Fccl 

11.  Limestone,  blue  to  white . 330+ 

10.  Sandstone,  calcareous,  bull’  weathering,  com¬ 
monly  brecciated,  interbedded  with  limestono 
and  overlain  by  about  35  foetof  reddish  shale .  275 
9.  Limestone, dark  blue  to  white,  containing  little 
chert,  interbedded  with  one  or  two  laycis  of 

sundstono  near  the  top . 400— 

8.  Very  cherty  limestone,  dark  blue  gray;  con¬ 
spicuous  coral  beds  in  upper  part .  250+ 

7.  Whitish  crinoided  limestono  containing  largo 

lumps  of  pale-tinted  chert  near  the  base. . .  10-120 
6.  Very  cherty  limestone,  dark  blue;  thin  beds 

of  black  shale  near  base . 300 

5.  Limestone,  lesi  cherty,  proportion  of  chert  de¬ 
creasing  downward,  blue-gray . 450 

4.  Conspicuous  bed  of  bluish -white,  pure,  brittle, 

fine-grained  limestone .  15 

3.  Limestone,  dark  blue-gniy  to  light  blue-gray  or 
white,  slightly  magnesian  in  part,  thick- 
bedded  above,  lliinuer  bedded  below;  basal 
part  (20  feet  ±)  is  flaggy  and  rusty  and  con¬ 
tains  abundant  vugs .  SO 

2.  Massive,  whitish,  somewhat  magnesian  lime¬ 
stone,  containing  a  few  vugs .  50 

1.  Thin-bedded  impure  vuggy  limestone,  mostly 
greenish  gray,  locally  interbedded  with  dark 
gray  ahale  and  underlain  by  pebbly  sand¬ 
stone . 20± 

LTuconformity.  - — 

Cambrian  rocks.  2.  210-2, 320 

The  divisions  most  useful  us  horizon  markers 
are  probably  1,  2,  4,  and  7. 

The  character  of  division  1  is  very  dis¬ 
tinctive  ut  the  locality  northeast  of  the  Kenne¬ 
bec  tunnel  (see  p.  237) ,  where  it  includes  a  busnl 
bed  of  pebbly  sandstone  and  some  layers  of 
dark  shale.  The  pebbly  bed  is  present  north 
of  Cottonwood  Creek  but  is  absent  in  most  of' 
the  other  sections  observed.  Near  Alta  this 
division  is  best  recognized  by  its  thin  bedding, 
by  the  presence  of  crystal-lined  cavities  or 
vugs,  and  by  its  relation  to  division  2. 

Division  2  is  unique  in  its  combination  pf 
light  color  and  massive,  homogeneous  char- 
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after  which  form  a  contrast  with  the  gray 
flaggy  hods  both  below  ami  above. 

Division  4.  a  tbin  boil  conspicuous  for  its 
light  color,  has  sometimes  been  confused  with 
division  4  of  the  Cambrian  limestone  (seep.  230) 
and  is  similarly  useful  in  the  working  out  of 
the  structure  of  the  northwestern,  part  of  the 
quadrangle.  East  and  south  of  Alta  its 
whitish  color  is  less  distinctive  because  tho 
dork  limestones  are  there  so  largely  bleached 
by  contact-metamorphic  agency,  the  dark 
colors  mentioned  in  the  table  being  those  of 
the  unaltered  limestones. 

Division  7  is  in  most  places  the  thickest 
light-colored  bed  that  lies  well  up  in  the  series, 
but  it  shows  marked  variation  in  thickness, 
being  120  feet  thick  on  the  north  side  of  the 
Cottonwood  Divide,  and  hardly  10  feet  thick 
in  some  places  on  tho  south  side. 

Age  and  correla t-ion. — Hintze  1  draws  from 
the  study  of  numerous  fossils  collected  by  him 
tho  conclusion  that  more  than  1,000  feet  of  the 
great  post-Cambrian  limestone  is  of  Devonian 
age.  On  the  other  hand,  G.  H.  Girty  2  con¬ 
siders  that  the  fossils  collected  by  B.  S.  Butler 
from  the  limestone  below  the  sandstone 
(mainly  within  500  feet  of  the  base)  are  of 
lower  Mississippi  (Madison)  ago.  It  may 
he  assumed,  provisionally,  that  both  Devonian 
and  Madison  limestones  are  present,  hut  fur¬ 
ther  field  study  will  bo  necessary  to  locate  the 
boundary  between  them.  The  shalv  beds 
that  in  some  places  immediately  overlie  divi¬ 
sion  2  (see  p.  236)  suggest  a  discontinuity  of 
sedimentation  and  possibly  mark  the  base 
of  the  Madison. 

The  fossils  in  tho  limestone  (division  11) 
above  the  sandstone  indicate  an  upper  Missis-  j 
sippian  (Brazer)  age.  The  saudstone  itself 
is  barren  of  fossils  but  is  thought  to  be  of  lower 
Bv&zer  age.  It  probably  is  the  equivalent  of  u 
shale  formation  found  by  Blackwelder  8  in  the 
Ogden  region.  According  to  Blackwelder, 
‘his  formation  is  unconformablc  with  the 
underlying  limestone  and  grades  into  another 
limestone  that  overlies  it. 

1  Hint*-,  F.  F.,  Jr.,  A  contrlbaUon  to  the  gooloey  of  ibo  Wualch 
Viaix-Uins.  Utah:  New  York  Acad.  Set.  Annals,  vet  23,  pp.  109-113, 1‘JI3. 

*  i  Av-.onal  comm  unicat  i  oil. 

'  niv  «H, -Idcr,  HUot,  Now  light  on  iho  geology  of  tho  Wasatch  Moun- 
»lcs:  Ocol.  Soc.  America  Hull.,  vol.  31,  p.  623, 1910. 
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IGNEOUS  ROCKS. 

STOCKS. 

General  relations.—  The  igneous  rocks  of  the 
Cot  ton  wood- American  Fork  area  are  all  intru¬ 
sive.  Two  of  t  he  intrusive  masses  that  lie  on 
the  prolongation  of  the  Uinta  axis  are  exposed 
within  the  Cottonwood  quadrangle.  At  the 
west  is  (lie  Little  Cottonwood  stock  of  gnuio- 
diorite,  which  extends  to  tho  front  of  the  range, 
and  ub  tho  east,  extending  from  Alta  into  the 
Park  City  district,  is  tho  eompoaito  Alt-a- 
Clayton  Peak  stock  of  granodiorito  and  quartz 
diorite.  Although  there  is  no  surface  connec¬ 
tion  between  theso  two  stocks,  they  arc  probably 
connected  beneath  the  surface  and  were  cer¬ 
tainly  derived  from  a  common  magma.  They 
are  closely  related  in  composition.  'Dio  Little 
Cottonwood  stock  is  the  most  siliceous,  the 
granodiorite  east  of  Alta  is  slightly  less  so,  and 
the  quartz  diorite,  which  lies  farthest  east,  is 
the  least  siliceous. 

Tho  intrusive  relation  of  the  Alta-Clavton 
Peak  stock  to  tho  sedimentury  formations  is 
proved  by  the  general  truncation  of  tho  bedding 
along  the  contact,  by  the  projection  of  narrow 
tongues  or  apophyses  of  igneous  rock  from  the 
main  body  into  the  sediments,  and  bv  striking 
phenomena  of  contact  metamorphism.  Tho 
Lit  tie  Cottonwood  stock  is  less  plainly  intrusive, 
but  close  examination  of  its  contact  shows  that 
this  mass  also  sent  out  apophyses  and  produced 
metamorphic  effects.  Both  stocks,  however, 
wero  regarded  hv  tho  geologists  of  tho  Fortieth 
Parallel  Survey  as  Archean.  Their  intrusive 
nature  was  argued  first  by  Geikie  in  ISS0*  und 
some  years  Inter  by  Van  Hise.2  It  was  subse¬ 
quently  verified  by  Bout  well  and  by  Emmons," 
who  revisited  the  district  in  1902. 

Little,  Cottonwood  stock.- — The  Little  Cotton¬ 
wood  stock  consists  of  siliceous  granodiorito. 
A  specimen  obtained  on  Little  Cottonwood 
Creek  a  third  of  a  mile  below  the  power  house 
is  typical  of  a  great  part  of  the  mass  and  lias 
been  chemically  analyzed.  (Sec  p.  95.)  It  is 

•  Ooikie,  Archibald,  Arehcon  rocks  otllio  Wahsatch  Mountains:  Am. 
Jour.  Sd.,  3d  ser.,  vol.  19,  pp.  *3-3ii7,  U«0. 

*  Vim  HIm,  C.  R.,  Ccrrcbeloa  papers— Arriioun  and  Algonklun:  U.  s. 
Goal.  Survey  Dull.  80,  pp.  2>l,  2&7-2WS,  1892. 

«  Emmons,  8.  K.,The  LltUo  Cottonwood  granilobody ofilio  Wnhwtfh 
Mountains:  Am.  Jour.  Scl.,4th  *r.,  vol.  16,  pp.  139- 147,  l'OT. 
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light  gray  find  medium  grained.  Its  predomi¬ 
nant  minerals  are  quart/.,  puro-whito  plugin- 
clase,  and  more  transparent,  slightly  pinkish 
orthoclnse.  Quartz  and  oithoolnse  are  each 
about  half  ns  abundant  as  plagioclase.  Biotite 
and  hornblende  in  small,  nearly  equal  quan¬ 
tities  form  black  irregular  particles;  and 
small  yellowish -brown  ciystals  of  titanite  are 
numerous.  The  plagioclase,  ns  determined 
microscopically,  is  a  calcic  oligoclase  near 
Ab7iAaK.  A  slight  porphyritic  tendency  is 
shown  by  the  orthoclnse,  which  forms  crystals 
ns  much  us  a  centimeter  long,  fairly  idiomorphic 
though  full  of  inclusions.  In  other  parts  of  the 
mass,  as  in  Gad  Valley,  near  the  southwest  cor¬ 
ner  of  tho  quadrangle,  the  rock  is  distinctly  and 
coarsely  porphyritic,  some  phenoervsts  of 
potash  feldspar  being  more  than  an  inch  in 
length . 

Dark  inclusions,  commonly  a  few  inches  in 
diameter,  composed  of  tho  same  minerals  as 
tho  dominant  rock  but  containing  a  greater 
proportion  of  plagioclase,  biotite,  hornblende, 
and  accessories,  are  abundant  and  conspicuous 
in  the  Little  Cottonwood  stock.  They  are  re¬ 
garded  as  representing  material  which  crys¬ 
tallized  against  the  walls  of  the  stock  at  an 
early  period  and  was  subsequently  broken  up 
and  scattered  through  the  magma. 

AJta-Gfaytov  Peak  stock. — Tho  Alta-Clayton 
Peuk  stock  is  composed  of  two  parts  that  differ 
considerably  in  appearance  but  only  slightly 
in  composition.  The  western  part,  near  Alta, 
consists  of  a  moderately  coarse-grained  light- 
colored  grauodiorite ;  the  eastern  part,  sur¬ 
rounding  Clayton  Peak,  consists  of  quartz 
diorite  that  is  distinctly  darker  and  finer.1  The 
boundary  between  these  rocks  extends  from  a 
spur  of  Pioneer  Peak,  iu  the  southeastern  part 
of  the  Cottonwood  quadrangle,  to  the  head  of 
Thnvnes  Canyon,  near  tho  western  limit  of  the 
Pnrk  City  quadrangle.  A  small  isolated  area 
of  diorite  lies  north  of  Mount  Evergreen,  and 
thorn  arc  two  others  near  tho  head  of  Snake 
Creek, 

The  relation  of  the  diorite  to  the  grajio- 
diorito  is  not.  entirely  clear.  A  suggestion  that 

1  Till'*!  two  rwkl  were  discriminated  ami  lira  p' acral  conrw  o!  U>e 
boundary  wo*  tra^d  by  Uoutwull  (op.  c|t.,  p.  <jj),  bn',  tho  granrforitc 
was  not  doUralial  on  KU  map  nor  sp  rally  described  in  bin  nptfl. 
b.  tiiuwi  0f  i<*  lasltmilicant  extent  and  its  gradation  to  tUoriie  within  Ibe 
Park  City  quoilmoyle. 


tho  diorite  is  tho  older  is  given  by  the  presence 
of  inclusions  resembling  it  in  tho  granodiwite 
at  some  places,  as  near  the  pass  between  -Alta 
and  Brighton.  Along  the  greater  part  of  their 
contact  the  transition  from  the  one  rock  t°  the 
other  is  rather  abrupt,  tho  distance  between 
outcrops  of  normal  diorite  and  of  normal 
grauodiorite  being  at  most  a  few  hundred  feet 
and  in  places  only  a  few  yards.  But  where  this 
contact  approaches  the  northern  boundary  of 
the  stock  the  transition  is  gradual,  and  no 
sharp  line  of  demarcation  is  found,  although  the 
exposures  are  excellent. 

These  somewhat  ambiguous  facts  appear  to 
bo  reconciled  by  supposing  that  the  two  rocks 
were  derived  from  a  common  magma;  that  the 
diorite  is  the  material  that  solidified  fist, 
before  much  differentiation  had  taken  place; 
and  that  when  solidification  was  still  far  from 
complete  the  magma  was  disturbed  by  crustal 
movement,  and  liquid  which  had  undergone 
some  differentiation  and  which  possessed  the 
composition  of  grnnodiorite  was  generally 
brought  into  contact  with  tho  diorite  that  had 
already  congealed.  In  the  embaymont  at  the 
north,  where  the  transition  is  gradual,  the 
magma  was  sheltered  from  the  movement  pro¬ 
duced  in  the  main  body  of  the  stock. 

The  granodioritc  east  of  Alta  is  a  light-gray 
rock,  only  a  little  darker  than  that  of  the  Little 
Cottonwood  stock.  Its  texture  is  granular  and 
medium  grained.  In  a  fresh  hand  specimen 
tho  plagioclase,  qtiartz,  and  orthoclase,  which 
make  up  the  bulk  of  the  rock,  are  translucent 
grayish  white  and  are  not  easily  distinguished 
from  one  another.  Blackish  hornblende  and 
biotite  are  noticeably  more  abundant  and  more 
perfect  in  crystal  form  than  they  are  iu  the 
Little  Cottonwood  stock;  the  hornblende  is 
especially  prominent,  forming  many  prisms 
as  much  as  5  millimeters  in  length,  while  the 
diameter  of  most  of  the  biotite  crystals  isles 
than  2  millimeters.  Small  grains  of  titanite 
are  common  though  inconspicuous.  Tho  micro¬ 
scope  shows  that  the  plagioclase  has  an  average 
composition  near  that  of  oligoclase  andesine 
(Ab-oAiij,,)  and  that  the  orthoclnse,  which  occurs 
interstitially,  is  less  than  half  as  abundant  as 
plagioclase. 

A  description  of  the  diorite,  which  occurs 
mainly  in  the  Park  City  quadrangle,  is  given 
in  tho  account  of  that  district.  (See  p.  296-) 
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DIKES. 

f/lass-ification. — The  dikes  of  the  area,  only  the 
inoro  important  of  which  tire  shown  on  tho  map 
(PI.  XXVII),  comprise  (1)  porphyry  resembling 
grniiodiorite  in  composition,  (2)  a  more  sili¬ 
ceous  soda  granite  porphyry,  (3)  dark  lampro- 
phyric  rocks  rich  in  hornblendo  or  biotitc,  and 
(4)  aplite  and  pegmatite.  The  dikes  of  the 
first  class  represent  undifferentiated  or  slightly 
differentiated  magma  from  the  large  irruptivc 
masses,  injected  into  fissures  leading  from  tho 
magma  chamber;  the  others  are  doubtless  de¬ 
rived  from  the  same  magma  by  differentiation. 
The  most  usual  trend  of  all  these  dikes  is  east¬ 
erly  or  northeasterly,  though  some  of  them 
strike  nearly  due  north. 

Gmnodiorite  porphyry. — Gradation  from  nor¬ 
mal  granodiorite  to  fine-grained  porphyry  may 
he  traced  in  a  dike  that  branches  from  the  main 
mass  near  the  head  of  City  Rock  Gulch  and  ex¬ 
tends  northeastward  toward  the  Black  Bess 
shaft.  The  texture  becomes  finer  and  more 
distinctly  porpkyritic  and  the  color  becomes 
darker  as  tho  width  of  tho  dike  and  the  distance 
from  the  main  bod}1'  diminish.  This  observed 
gradation  makes  it  fairly  certain  that  many 
other  dikes  of  porphyry,  varying  from  grano¬ 
diorite  toward  monzonite  on  the  one  hand  or 
diorite  on  the  other,  are  offshoots  from  the 
large  intrusive  bodies,  even  though  the  con¬ 
nection  is  usually  concealed.  Such  dikes  occur 
in  many  places,  especially  in  the  vicinity  of  the 
granodiorite,  one  of  the  most  remote  being  the 
Tar  Baby  dike,  which  crosses  Reade  and  Beu- 
son  Ridge  a  milo  and  a  half  from  the  Cotton¬ 
wood  Divide.  They  are  also  to  be  seen  in  the 
vicinity  of  tho  Maxwell  ini  no,  outside  of  tho 
Cottonwood  quadrangle. 

The  dikes  of  this  class  bear  phenocrysts  of 
plagioclase,  hornblende,  and  biotite  in  a  grouud- 
mass  consisting  of  the  sarno  minerals  together 
with  orthoclase  and  quartz.  In  one  or  more  of 
the  dikes  near  the  east  end  of  tho  Cottonwood 
Divide  there  are  remarkably  abundant  inclu¬ 
sions  of  sedimentary  rock. 

Soda  granite  porphyry. — A  white  porphyry  of 
very  uniform  character  is  found  at  many  places 
°u  the  north  side  of  Little  Cottonwood  Canyon, 
from  the  Frederick  tunnel  to  the  Honeycomb 
Cliffs.  The  rock  consists  mainly  of  a  grayish- 
white  extremely  fine  grained  groundmnss,  in 
which  are  embedded  a  few  small  phenocrysts  of 
30416°— 10 - 16 


"lute  feldspar  and  of  dark-looking  quartz. 
I  he  feldspar  phenocrysts  are  alhite;  the  ground- 
mass  consists  of  alhite,  quartz,  and  perhaps  a 
little  orthoclose.  No  forromagnesian  minerals 
are  present.  The  freshest  specimens  obtain¬ 
able  are  much  decomposed. 

A  prominent  dike  of  Miis  rock  occurs  near  the 
top  of  the  knoll  just  north  of  the  Columbus 
Consolidated  plant  and  is  penetrated  by  the 
Tom  Moore  tunnel  of  tho  Columbus  workings. 
Another,  or  possibly  a  continuation  of  the  same 
dike,  crops  out  near  tho  Grizzly  tunnel  at  the 
head  of  City  Rock  Gulch.  Several  dikes  of 
white  porphyry  are  exposed  in  the  Honeycomb 
Cliffs,  where  one  of  them  cuts  diagonally  across 
a  dike  of  diorite  porphyry. 

Lamprophyres.- — Fine-grained  nearly  black 
dikes  have  been  found  in  some  places  but  are 
not  common.  A  group  of  narrow  parallel  dikes 
injected  in  a  fissure  zone  east  of  Superior  Gulch 
consists  of  a  rock  that  is  rich  in  biotite  and  is 
probably  minette  or  korsantite,  the  feldspar 
being  so  thoroughly  decomposed  that  a  closer 
identification  is  impassible.  A  rock  resembling 
fine-grained  basalt  occurs  northwest  of  tho 
Prince  of  Wales  shaft.  The  microscope  shows 
that  it  once  contained  phenocrysts,  probably  of 
olivine,  which  are  now  completely  replaced  by 
carbonate  and  a  micaceous  mineral.  The 
groumimass  that  makes  up  most  of  the  rock 
is  a  feltlike  mixture  of  hornblende  and  feld¬ 
spar  laths.  The  rock  may  be  classed  pro¬ 
visionally  as  a  camptonite. 

A pliU  and  pegmatite. — In  the  9tocks  of  grano¬ 
diorite,  as  in  such  bodies  generally,  aplitic 
dikes  are  numerous  and  a  few  of  pegmatite  were 
noted,  but  such  dikes  are  not  common  in  the 
sedimentary  rocks  at  a  distance  from  tho  huge 
intrusive  bodies,  and  none  of  them  appear  to 
require  especial  notice  except  one  or  two  that 
are  of  unusual  character. 

One  of  these  is  an  aplite  that  forms  a  promi¬ 
nent  outcrop  on  the  ridge  west  of  Lake  Solitude. 
This  rock  is  pale  greenish  gray;  its  texture  is 
aplitic,  but  it  contains  many  little  vugs.  It 
has  two  essential  constituents,  the  more  abun¬ 
dant  of  which  is  white  and  the  other  apple- 
green  and  which  prove,  on  microscopic  exami¬ 
nation,  to  be  scapolite  and  monoclinic  pyrox¬ 
ene,  respectively.  Quartz  is  wholly  lacking, 
and  no  feldspar  is  present  except  a  very  little 
orthoclase.  Tit  anile,  apatite,  and  zircon  are 
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notably  abundant  accessories.  The  rock  js 
similar  to  some  that  occur  in  the  Philipsburg 
district,  Mont.,  though  the  Montana  rocks  con¬ 
tain  abundant  feldspar.'  A  pyroxene-sen  polite 
dike  rock  without  feldspar,  occurring  in  Cali¬ 
fornia,  is  described  by  Harder.2  The  scapolitc 
in  these  and  in  the  Cottonwood  rock  is  regarded 
as  primary. 

Associated  with  an  amphiboic-bcaring  aplite 
that  occurs  in  diorite  northwest  of  the  pass  be¬ 
tween  Silver  Lake  and  Snake  Creek  is  a  coarsely 
crystalline  vein  consisting  of  qnnrtz  and  dark- 
green  pyroxene  that  is  partly  altered  to  fibrous 
umphibole.  This  vein,  though  small,  is  of  in¬ 
terest  as  being  presumably  a  product,  within 
the  intrusive  mass,  of  solutions  which  were  ex¬ 
pelled  from  the  miigraa  in  the  later  stages  of 
its  solidification  and  which  reacted  upon  the 
adjoining  limestones  to  form  pyroxene  and 
other  silicates. 


CONTACT  METAMORPinSM. 


The  contact  metamorphism  produced  by  the 
Little  Cottonwood  stock  lias  been  exerted 
mainly  on  siliceous  rocks,  which  do  not  show 
its  effects  very  plainly.  It  extends,  however, 
to  the  southern  part  of  the  westernmost  band 
of  limestone.  The  metamorphism  apparent  in 
the  limestone  cliff  just  east  of  Superior  Gulch 
is  due,  at  least  in  part,  to  this  intrusion,  though 
it  may  also  be  due  partly  to  the  A1  tn-Clay  ton 
Peak  stock,  for  the  contact  zones  of  the  two 
stocks  uppa rently  coalesce  in  Little  Cottonwood 
Canyon.  The  metiimorphic  effects  of  the  Alta- 
Clayton  Peak  stock,  which  issurroimded  mainly 
by  limestones,  are  far  more  striking  than  those 
of  the  Little  Cottonwood  stock.  They  extend 
northward  on  Silver  Fork  at  least  a  mile  from 
the  visible  contact,  and  have  been  traced  about 
ns  far  beyond  the  southern  boundary  of  the 
stock  at  tho  head  of  Snake  Creek. 

The  sedimentary  rocks  in  the  contact  zone 
include  all  sorts  from  quartzite  to  pure  lime¬ 
stone.  Near  the  intrusive  rocks  the  purer 
quartzites  are  more  vitreous  than  elsewhere 
and  the  less  pur©  quartzites  and  the  siliceous 
shnle-s  glisten  with  mica  and  are  in  places  dap¬ 
pled.  Dupplcd  hornstones  derived  from  Cam¬ 
brian  shale  in  City  Rock  Gulch  are  fouud  micro- 


'  Emacre,  W.  a  .  Mid  Calkin*,  F.  C,  Geology  and  or.,  d.'pciH  of 
™Tl913?  '|,  'UJran*:,,‘’  Mont"  U‘  S-  G«°>-  Survey  Frot.  P.ipof 

» Harxl.  r,  E  C  ton-ore  depots  of  the  E^lc  Mountain*, Col.:  C 
G«M.  survey  Dull,  wi,  p.  a,  i»|-i  ' 


scopically  to  consist  of  a  mosaic  of  quartz, 
ortboclnse,  nnd  biotite,  inclosing  aggregates  of 
mica  that  probably  represent  altered  andnlusite 
or  cordierite  or  both.  The  shales  are  garnet- 
ized  in  places  close  to  tho  intrusive  contact. 
The  most  striking  effects  of  contact  metamor¬ 
phism  are  shown  by  the  limestones  and  are  best 
observed  around  the  AJta-Clayton  Peak  stock. 
Some  of  them  do  not  prove  the  combination  of 
magmatic  with  sedimentary  material,  but 
others  clearly  do  involve  such  combination. 

The  most  widespread  effects  of  metamoy- 
phism  on  the  limestones  are  coarsening  of  text¬ 
ure  and  bleaching.  The  bleucliing  is  most 
strikingly  displayed  on  the  cliff  east  of  Superior 
Gulch  and  on  the  west  slope  of  the  Prince  of 
Wales  Hill.  The  limestones  nt  both  these 
places  display  a  certain  amount  of  original 
banding,  but  they  are  also  hlotehed  with  great 
irregular  patches  and  streaks  of  -white  whose 
boundaries  cut  across  tho  stratification;  and 
some  white  streaks  of  uneven  width  extend 
along  fissures,  which  clearly  afforded  passage 
to  the  vapors  or  liquids  that  effected  the 
bleaching. 

An  effect  that  extends  almost  as  far  as 
bleaching  and  that  constitutes  more  definite 
proof  of  metamorphism  is  the  development  of 
the  lime-magnesia  silicate  tremolito.  This 
mineral,  which  is  easily  recognized  by  its  splin¬ 
tery  form,  white  or  gray  color,  and  silky  luster, 
is  common  in  the  Carboniferous  limestones  nnd 
is  found-  as  much  as  a  mile  from  any  outcrop  of 
granular  intrusive  rock.  It  forms  most  abun¬ 
dantly  around  nodules  of  chert  and  in  beds  of 
sandy  limestone,  an  association  which  indicates 
that  the  silica  contained  by  the  tremolite  is  at 
least  in  part  of  local  origin ;  and  the  magnesia, 
too,  may  have  been  derived  from  the  limestone, 
though  tremolite  abounds  in  beds  that  are  not 
visibly  magnesian. 

Tremolito  occurs  in  the  magnesian  lime¬ 
stones  of  the  Cambrian  system,  but  forsterite, 
a  lime-free  silicate  of  magnesia,  is  more  char¬ 
acteristic  of  these  rocks,  though  it  does  not 
occur  so  far  from  intrusive  contacts.  It  is  best 
perceived  on  the  weathered  surface,  where  it 
has  a  yellow  discoloration.  Tho  presence  of 
forsterite  iu  the  Cambrian  and  its  absence  from 
the  Carboniferous  limestone  gives  much  help 
in  tracing  the  obscure  Miehigan-Utuh  over¬ 
thrust  along  the  west  slope  of  Honeycomb  Hill 
The  forsterite  occurs  so  abundantly  in  beds  that 
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originally  were  nonsiliceous  that  it  probably 
contains  magmatic  silica.  Abundant  pellets  of 
brucite  (Mg(OH),)  occur  in  some  of  tho  lime¬ 
stone  that  contains  foisterite.  The  forsterite, 
however,  is  altering  to  serpentine,  while  the 
mineral  from  which  the  brucite  is  derived  is  rep¬ 
resented  by  residual  grains,  inclosed  in.  many 
of  these  pellets,  of  an  isotropic  strongly  refract¬ 
ing  mineral  which  is  probably  periclase  (MgO).‘ 

In  the  alteration  of  tho  handed,  buff-mottled 
limestone  of  the  Cumbrian  (division  7,  p.  23(>) 
for  some  rods  from  the  contact  on  Honeycomb 
Hill,  the  dominant  effect  has  been  a  combina¬ 
tion  of  the  lime  with  the  silica  and  other  matter 
in  the  buff  layers,  which  aro  represented  in  the 
altered  rock  by  a  coarsely  crystalline  mixture 
of  reddish  garnet  and  greenish  vesuvianite  with 
a  little  inconspicuous  pyroxene.  These  resist¬ 
ant  silicates  project  from  the  weathered  surface 
in  rough  lumps  and  ridges. 

Elsewhere  hard  masses  of  silicates  and  other 
minerals,  mixed  with  residual  colcite,  are  formed 
from  nearly  pure  limestone.  Near  the  head  of 
City  Roek  Gulch  tho  Carboniferous  limestone  is 
almost  wholly  converted  to  garnet,  pyroxene, 
and  other  silicates  for  at  least  15  feet  from  the 
contact,  and  tho  replacement  extends  much 
farther  than  this  along  certain  beds,  which  are 
not  siliceous.  It  is  clear  that  large  amounts  of 
silica,  iron,  and  probably  magnesia  and  other 
substances  carried  outward  from  the  magma  in 
hot,  perhaps  gaseous  solution  have  combined 
with  tho  lime  of  the  sedimentary  rock.  Tho 
alteration  has  affected  the  wulls  of  certain  fis¬ 
sures  through  which  these  emanations  moved. 
It  is  even  more  evident  that  the  thick  sheets  of 
garnet  rock  which  border  dikes  a  few  feet  or 
oven  a  few  inches  thick  on  t  he  slopes  both  uorth 
and  south  of  City  Rock  Gulch  could  not  have 
been  formed  by  the  action  of  the  dikes  them¬ 
selves,  for  thicker  dikes  near  by  exerted  no 
visible  effect  on  their  walls;  these  sheets  were 
clearly  produced  by  emanations  that  issued 
from  tho  main  intrusive  body  through  the  fis¬ 
sures  into  which  tho  dikes  were  injected. 
Especially  intense  metamorphism  is  observed 
also  along  the  contact  south  of  Dog  Lake,  where 
the  dioritc  is  cut  by  unusually  numerous  dikes 
of  aplitc  and  pcgmntite,  and  it  is  probable  that 
the  fissures  occupied  by  those  dikes  served  as 
channels  for  solutions  expelled  by  the  magma. 

1  Of-  Haem,  A .  F.,  American occumnoe of  peikluto find  1U  bcjrtng on 
Uworian  and  history  of  c.il.  iic-hnicilo  rocks’.  Am.  Jour.  Scl.,  Hth  ser, 
vol.  «,  pp.  jtjl-ASj,  laid. 


The  silicate  minerals  that  arc  most  abundant 
in  these  massive  contact  rocks  are  garnet, 
monoclinic  pyroxene,  vesuvianite,  forsterito, 
epidote,  and  micas;  scapolite  is  found  but  docs 
not  seem  to  bo  common.  The  oxides  spinel  and 
magnetite  ure  abundant  in  places.  Magnetite 
occurs  in  the  South  Hecla  mine;  it.  is  conspicu¬ 
ous  along  the  contact  south  of  Dog  Lake;  it 
crops  out  on  tho  Michigau-Utah  property  near 
the  Brighton  trail;  and  a  largo  mass  of  it  is 
penetrated  hy  the  workings  of  tho  Alta  Con- 
solidated  and  Michigan-Utah  mines.  Tho  rare 
magnesium-iron  borate  ludwigito  occurs  near 
Dog  Luke,  where  it  is  associated  with  magnetite 
and  forsterito,  and  also  near  tho  head  of  City 
Rock  Gulch  and  in  the  South  Columbus  tunnel. 
Sulphides  of  iron  and  copper  are  among  tile 
contact  minerals  in  places,  and  the  presenco  of 
copper  is  oft  en  betrayed  by  a  green  stain.  Some 
contact  rock  rich  in  magnetite  is  even  mined 
for  copper.  The  presence  of  magnetite,  of  lud- 
wigite,  and  of  sulphides  is  especially  strong  evi¬ 
dence  of  accession  of  material  from  tho  magma, 
for  the  sediments  clearly  did  not  contain  enough 
iron,  boron,  or  sulphur  to  form  these  minerals. 

STRUCTTJBE. 

rnmniis.uiv  outi.ixr. 

The  main  lineaments  of  the  geologic  map  of 
the  Cottonwood  quadrangle,  which  appeal’s  al¬ 
most  chaotic  at  first  glunco,  are  determined  by 
a  comparatively  small  number  of  major  struc¬ 
tural  features. 

The  fundamental  structure,  affecting  the 
whole  body  of  stratified  rock,  is  the  northeast¬ 
ward-pitching  Park  City  anticline,  whose  axis 
passes  through  the  center  of  the  quadrangle. 
The  expression  of  this  fold,  if  it  were  unmodi¬ 
fied  and  the  surface  were  flat,  would  bo  an 
arrangement  of  the  formations  as  concentric 
bands  of  northeastward  convexity  in  sequence 
of  decreasing  ago  from  southwest  to  northeast. 
A  tendency  to  such  arrangement  is  still  visi¬ 
ble  but  is  greatly  obscured  by  intrusion  and 
faulting. 

The  most  conspicuous  interruption  of  the 
bands  is  caused  by  the  Little  Cottonwood  and 
Alta -Clayton  Peak  intrusive  stocks. 

Other  striking  modifications  are  caused  by  a 
few  great  faults.  The  greatest  of  these  is  the 
Silver  Fork  fault.,  a  north-south  fracture  of  low 
west  dip  extending  through  tho  center  of  the 
quadrangle  and  causing  a  downthrow  of  at  least 
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2,000  feet  on  the  west  side.  Two  faults  of 
similar  direction  but  steeper  and  causing  a 
downthrow  to  the  east  extend  northward  from 
Superior  Gulch.  Another  fuult  of  the  first 
magnitude  runs  northwestward  along  Cotton¬ 
wood  Creek  and  has  caused  a  downthrow  of 
about  2,000  feet  on  the  southwest  side. 

Dislocations  even,  greater  than  those  de¬ 
scribed  have  been  effected  by  a  scrie9  of  over- 
thrusts  that  lie  for  the  most  part  nearly  parallel 
to  the  planes  of  stratification  and  for  this  reason 
are  less  conspicuous  than  the  other  great  faults 
which  cut  the  beds  at.  fnirly  large  angles  almost 
throughout  their  course.  The  chief  effect  of 
these  overthrusts  on  the  areal  distribution  of 
the  rocks  has  been  to  duplicate  or  to  broaden 
the  outcrops  of  the  Cambrian  formations.  By 
far  the  greatest  is  the  westernmost,  which  en¬ 
ters  the  area  mapped  near  the  Carbonate  mine 
and  probably  extends  to  Mineral  Flat.  Some 
higher  overthrusts  that  cross  the  creek  near 
Alta  are  thought  to  have  been  brought  to  the 
surface  again  on  the  east  side  of  the  Silver 
Fork  fault. 

The  details  of  the  pattern  whose  outlines 
have  been  sketched  are  formed  in  very  small 
part  by  minor  folds  but  mainly  by  a  great  num¬ 
ber  of  faults  whoso  throw  is  measurable  in  tens 
or  hundreds  rather  than  in  thousands  of  feet. 
Most  of  these  relatively  minor  faults  are  steep 
in  dip,  hut  only  a  part  of  them  are  normal, 
many  of  them  being  reversed.  Many  of  the 
minor  faults  are  still  unmapped,  the  traces  of 
many  having  boon  lost  in  large  areas  of  homo¬ 
geneous  rock  and  others  being  neglected,  for 
the  present  at  least,  because  of  their  very  small 
throw.  Among  these  last  are  the  mineral- 
hearing  fissures,  which,  though  structurally 
unimportant,  are  preeminent  in  practical  in¬ 
terest. 

The  many  obscurities  involving  the  character 
and  relation  of  the  minor  faults  form  one  of 
the  chief  obstacles  to  a  thoroughly  systematic 
grouping  of  the  structural  features.  The 
groups  that  will  be  set  up  for  the  purposes  of 
the  following  description  include  (1)  the  folds, 
(2)  the  overthrust  faults,  (3)  the  other  mapped 
faults,  including  normal  faults  and  steep  rc- 
\  ersed  faults,  and  (<J)  the  mineralized  fissures. 
Af ter  the  principal  features  of  each  group  have 
been  described,  the  genetic  relations  of  the 
folds,  faults,  and  fissures  to  one  another,  to  the 
igneous  intrusions,  and  to  the  broad  structure 


of  the  Wasatch  und  Uinta  ranges  will  be  briefly 
considered. 

FOLDS 

Park  City  anticline. 

The.  structural  feature  that  has  the  greatest 
effect  on  the  distribution  of  the  rocks  through-  • 
out  the  Cottonwood-Park  City  region  is  the 
Park  City  anticline,  a  westward  continuation 
of  the  Uinta  anticline.  The  crest  of  this  great 
arch  runs  nearly  level  along  the  main  body  of 
the  Uinta  Range,  dips  downward  between  that 
range  and  the  Wasatch,  pitches  strongly  east¬ 
ward  through  its  course  across  the  Wasatch, 
and  is  cut  off  by  the  great  normal  fault  whose 
footwall,  degraded  and  dissected  by  erosion, 
forms  the  western  face  of  the  range. 

Throughout  the  Wasatch  Range  the  fold  is 
much  defaced  by  intrusion  and  by  faulting. 
The  reader  who  views  the  Cottonwood  map 
(PI.  XXVII)  with  his  attention  abstracted 
from  these  features  will  see  that  the  sedimen¬ 
tary  formations  tend  to  form  concentric  bands, 
whose  curvature  is  sharpest  along  the  line  of 
Little  Cottonwood  Canyon  and  is  convex  north¬ 
eastward.  The  strata  are  observed  in  the  field 
to  dip,  in  general,  northward,  northeastward, 
and  eastward.  The  dip  ranges  in  steepness 
from  vertical  to  horizontal.  Near  Alta  it  is 
usually  not  far  from  35°;  gentler  dips  are  com¬ 
mon  to  the  east  and  north;  steeper  dips  prevail 
to  the  west  and  south. 

Other  folds. 

The  only  other  fold  that  is  large  enough  to 
be  clearly  expressed  on  the  map  is  an  open 
eastwnrd-pitcliing  syncline  that  flanks  the 
Park  City  anticline  on  the  south.  This  fold 
is  outlined  by  the  hand  of  Cambrian  shale 
west  of  the  Devils  Castle.  It  is  not  comparable 
in  magnitude  to  the  Park  City  anticline,  being 
inconspicuous  on  the  geologic  map  of  the 
State.  (See  PI.  Ill,  p.  69.) 

Some  crumpling  is  associated  with  and  clearly 
incidental  to  the  overthrust  faulting.  It  is 
especially  well  developed  in  the  Cambrian 
shale  between  the  Alta  und  Columbus  over¬ 
thrusts  and  in  the  shale  under  the  Alta  over¬ 
thrust  on  Carbonate  Peak.  Alin  or  folding 
apparently  unconnected  with  thrusting  is 
conspicuous  in  the  rusty  pre-Cambrian  rocks 
west  of  Superior  Gulch.  Its  character  is 
indicated  in  structure  section  A- A',  Plate 
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XXVII.  Its  principal  elements  are  a  syncline 
and  an  anticline  leaning  over  toward  the  east; 
thev  indicate  the  agency  of  an  overriding 
pressure  from  the  west  that  would,  if  con¬ 
tinued  until  the  strata  broke,  result  in  an  over- 
tiuust  of  westward  dip.  Similar  folding,  less 
well  developed,  is  shown  in  the  quiirtzito  north 
of  the  Columbus  mine. 

Small  folds  that  arc  still  more  strongly 
recumbent  toward  the  northeast  are.  well 
exposed  on  the  hill  that  lies  across  Silver  Fork 
from  the  Prince  of  Wales  shaft.  Several 
small  folds  of  easterly  strike  are  developed  in 
tho  limestones  of  Honeycomb  IliLL  and  are 
dearly  exposed  in  tho  Honeycomb  Cliffs. 

OVERTHRUST  FAULTS. 

General  fttlurM. 

The  reversed  faults  here  classed  as  over- 
thrusts  are  only  those  that  have  the  usual  low 
dips,  the  discussion  of  steep  reversed  faults 
being  reserved  for  another  section.  The  over- 
thrusts  of  low  dip  that  have  been  found  in 
tho  Cottonwood  quadrangle  striko  about  north 
and  dip,  on  the  average,  about  30°  E.,  but 
their  dip  is  not  uniform  and  they  appear  to 
havo  been  affected  by  later  folding.  In 
general  they  are  rudely  parallel  to  the  tilted 
sedimentary  strata,  though  they  locally  cut 
the  beds  at  all  angles  up  to  90°.  They  are 
older  (hull  the  intrusive  rocks  and  older  than 
most  of  the  other  faults. 

The  overthrusts  that  have  been  traced  arc. 
in  east-west  order,  the  Alta  over  thrust,  the 
Columbus  overthrust,  the  Reade  and  Benson 
thrust  zone,  and  tho  Grizzly  thrust  zone; 
the  last  two  may  be  equivalent  to  each  other. 
All  these  are  cut  by  structure  section  A-A', 
Plate  XXV3I  (in  pocket). 

AJU  arerthrutrt. 


The  westernmost  and  greatest  of  the  thrust 
faults  was  discovered  independently  in  1912 
by  Loughlin1  and  by  Hintze 3  and  was  mimed  hv 
Hintze  the  Alta  overthrust.  It  is  best  exposed 
on  the  steep  slope  east  of  Superior  Gulch.  The 
lowest  part  of  this  slope  is  Cambrian  quartzite, 
■which  is  overlain  by  shules  and  by  limestones 
whose  upper  beds  contain  Mississippian  fossils. 
Ipon  the  limestone's  nnd  nearly  conformable 

1  ’-'"elilin,  O.  F.,  Tltconn.il«.uK»  in  tho  Wasatch  Mountains,  Vuh; 
vol.  21,  pp.  101.1. 

P-  F.,jr  ,  op.  rti.,p.  ia. 


to  them  in  dip  (about  30°  E.)  lies  a  second 
tniek  stratum  of  quartzite,  which  the. geologists 
of  the  Fortieth  Parallel  Survey  called  the 
Ogden  quurtzito"  and  regarded  as  of  Devo¬ 
nian  nge.  This  quartzite,  however,  is  Cambrian, 
and  is  thrust  over  the  Mississippian  limestone, 
from  which  it  is  separated  through  part  of  its 
extent  by  a  crumpled  wedge  of  Cambriun 
shale.  The  fissures  tlint  bound  tho  wedge  of 
shnle  aro  two  branches  of  the  Alta  overthrust, 
tho  movement  on  which  amounted  certninlv 
to  thousands  of  feet  and  perhaps  to  several 
miles.  The  movement  was  confined  for  long 
distances  to  wliut  is  virtually  a  single  fissure, 
but  two  main  branches  are  present  in  tho 
workings  of  tho  Cardiff  nnd  Colunibus-Rexnll 
mines  and  on  the  surface  near  tho  heads  of 
Superior  Gulch  and  Mill  D  South  Fork.  (See 
PI.  XXIV,  p.  207.) 

The  Alta  overthrust  has  been  traced  south¬ 
ward  to  Mineral  Flat,  where  its  identity  is 
lost  in  a  complex  of  block  fiudts;  probably, 
however,'  it  extends  much  farther  south.  A 
short  distonco  north,  of  Little  Cottonwood 
Creek  it  is  cut  off  by  the  east  branch,  of  the 
Superior  fault;  the  fault-bounded  triangular 
arcaof  Cambrian  shale  and  quartzite  northwest 
of  tho  Cardiff  mine  may  represent  n  piece  of  the 
overriding  block,  and  the  second  fault  south  of 
tho  Carbonate  mine  is  probubly  the  continua¬ 
tion  of  the  Alta  overthrust.  Where  this  fault 
reaches  the  crest  near  the  Curbonate  mine  the 
contact  of  the  flat-dipping  quartzite  with  the 
overridden,  steeply  dipping  crumpled  shulo  is 
visible  at  a  great  distance.  Tho  overthrust 
has  not  been  traced  beyond  this  crest,  but  it 
probably  extends  much  farther  aud  may  well 
cause  on  apparent  thickening  of  tho  Algonkian 
strata  on  Cottonwood  Creek. 

Columbtu  overthnuit. 

The  next  ovortlirust  oast  of  the  Alta  crosses 
Cottonwood  Creok  near  the  mouth  of  the 
Columbus  tunnel  and  therefore  may  ho  called 
the  Columbus  ovorthrust.  This  fault  prob¬ 
ably  has  far  less  throw  than  tho  Alta  over- 
thrust,  but  it  virtually  duplicates  tho  Cam¬ 
brian  quartzite  on  tho  Cottonwood  Divido. 
Its  dip  is  30°  NE.  where  it  crosses  the  gulch 
northwest  of  tho  Columbus  tunnol.  The  Cam¬ 
brian  shale  beneath  it  on  the  slope  is  very 
strongly  crumpled  At  the  bend  of  Mill  D 
South  Fork  its  best  exposure  shows  it  steep- 
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oning  downwnrd,  with  nn  average,  dip  of  65  I 
E.;  hen.  it  is  parallel  to  the  bedding  and  is 
attended  with  no  local  crumpling  and  little 
hrocciation. 

Tim  Columbus  overthrust  is  thrown  down 
to  the  west  by  a  small  fault  that  crosses  the 
Cottonwood  Divide.  West  of  this  later  fault 
the  thrust  piano  has  a  low  dip  and  for  the  most 
purt  is  nearly  parallel  to  the  bedding  above 
and  below;  but  by  a  favorable  light  sharp 
folding  may  bo  seen  in  tho  overridden  quartz¬ 
ite.  The  overthrust  is  probubly  cut  off  by 
the  cast  Superior  fault,  beyond  which  it  hits 
not  yet  been  picked  up.  It  has  uot  been 
traced  far  south  of  Little  Cottonwood  Creek. 

Readc  and  Denson  tlirunt  zone. 

All  tlm  overthrusts  that  have  been  mapped 
between  the  Columbus  and  Grizzly  faults  arc 
confined  to  a  rather  narrow  strip  that  will  he 
culled  tho  Reado  and  Benson  thrust  zone. 
Tim  portion  of  this  zone  that  has  been  studied 
with  any  degree  of  thorouglmcsa  may  bo  de¬ 
scribed  roughly  ns  tho  main  belt  of  Cambrian 
shale  and  limestone  between  Alta  and  Montreal 
Spring.  South  of  Littlo  Cottonwood  Creek, 
whore  the  Camhrinn  limestone  has  not  been 
separated,  tlm  thrust  zone  has  not  been  fol¬ 
lowed,  though  it  probably  persists  as  fur  as 
tho  Silver  Fork  fault.  At  the  north  it  cer¬ 
tainly  extends  into  tho  cliffs  of  Devonian  nnd 
Carboniferous  limestone,  northeast  of  Montreal 
Spring  and  is  lea  own  to  account  in  part  for 
their  intricate  structure;  but  faults  uro  traced 
less  readily  in  this  great  mass  of  relatively 
homogoucous  rock  than  in  tho  strongly  differ¬ 
entiated  strata  of  the  Cambrian  system. 

Favorable  stratigraphic  position  nnd  excel¬ 
lent  exposures  make  the  evidence  of  this  ovor- 
thrustiug  especially  clear  hi  tho  Cambrian 
rocks  that  extend  along  the  west  slope  of 
Rcudc  and  Benson  Ridge.  Here  the  greater 
faults  hring  Cambrian  shale  over  limestone, 
or  Cambrian  over  post-Cambrian  limestone; 
the  lesser  ones  thicken  the  limestone  or  the 
shale,  as  is  proved  by  tho  repetition  of  dis¬ 
tinctive  beds.  The  overthrusting  has  not 
been  accompanied,  os  a  ndc,  by  much  bree- 
ciation  or  crumpling;  but  the  displacement 
must  have  amounted  to  many  hundreds  of 
feet  on  some  of  tlm  overt h rusts,  nnd  the 
easternmost  is  more  than  a  mile  in  length, 


At  the  sout  h  end  of  Reado  and  Benson  Ridge 
the  exposures  arc  less  good  and  the  structure 
has  minor  complexities  that  are  not  repre¬ 
sented  on  the  map.  No  individual  members 
of  this  thrust  zone,  therefore,  have  been 
traced  continuously  across  tho  Cottonwood 
Divide  to  Alta.  North  and  northwest  of  Alta 
there  are.  two  ovorthrusts  that  converge  north¬ 
westward.  The  moro  northerly  is  the  more 
clearly  proved  by  tho  areal  relations;  where  it 
is  shown  us  being  within  the  limestone  it  has 
pushed  the  lowest  part  of  tho  formation  over 
the  highest.  The  more  southerly  overthrust 
is  clearly  exposed  in  the  Tom  Moore  tunnel. 

Grizzly  thru.-ri  rone. 

The  Grizzly  overt hrust  emerges  from  the 
southwest  slope  of  Honeycomb  Hill  at  about 
the  level  of  the  Grizzly  tunnel.  Although  its 
throw  is  comparable  to  that  of  the  Alta  aud 
Columbus  overthrusts,  it  is  rather  inconspicu¬ 
ous,  for  both  its  walls  consist  of  castward¬ 
dipping  metamorphosed  limestone  to  whose 
bedding  it  is  nearly  parallel,  and  its  fissure  is 
not  marked  by  extensive  brecciation  or  crum¬ 
pling.  The  presence  of  tho  fault  was  first  sug¬ 
gested  by  the  occurrence  of  the  buff-mottled 
Cambrian  limestone  (division  7,  p.  23C)  high  on 
the  slope  and  of  cherty  Mississippian  limestone 
(division  6)  at  tho  foot  of  the  hill.  The  magne¬ 
sian  Cambrian  limestone  just  above  tho  over¬ 
thrust  is  crowded  with  crystals  of  forsterite; 
the  more  purely  calcitic  Mississippian  lime¬ 
stone  below  is  moro  coarsely  crystalline,  is 
free  from  forsterite,  and  contains  lumps  of 
chert.  The  fault  fissure  crosses  the  Cleves 
tunnel  about  1,200  feet  from  the  portal,  audit 
is  well  exposed  in  a  prospect  600  feet  east  of 
the  City  Rock  tunnel,  where  it  dips  45°  E.  ond 
contains  metamorphic  minerals  that  show  it 
to  be  older  than  the  granodiorite. 

North  and  west  from  the  Grizzly  tunnel  the 
thrust  plane  flattens  and  in  places  even  dips 
west.  It  runs  under  Duvenport  Hill  and  is 
cut  off  by  the  great  Silver  Fork  fault.  Appar¬ 
ently  it  branches  under  Davenport  Hill,  for  io 
the  basin  to  the  northeast  nnd  on  the  west  spur 
of  tho  Prince  of  Wales  Hill  there  aro  at  le*st 
two  overthrusts.  Tho  northernmost  observed 
exposure  of  any  fault  belonging  to  this  group  is 
that  of  a  thrust  contact  between  Cambrian 
nnd  Mississippian  limestone  in  the  gulch  south¬ 
east  of  tho  Bodfish  tunnel. 
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The  Grizzly  overthrust  is  out  off  by  tho  Alta- 
Clayton  Peak  stock,  south  of  which  it  has  uot 
been  definitely  identified.  Overthnisting  has 
occurred,  however,  in  the  great  area  of  undiffer¬ 
entiated  limestone  that  contains  the  Devils 
Custie  and  Sunset  Peak.  Two  or  three  over- 
thrusts,  broken  by  later  faults,  cross  the  Bullion 
Divide  between  those  two  summits  but  have 
uot  been  followed  out  sufficiently  to  be  shown 
on  tho  map.  One  or  move  of  them,  presum- 
ablv,  form  the  continuation  of  the  Grizzly  over- 
thrust. 

The  possible  identity  of  the  Grizzly  with  the 
Reade  and  Benson  thrust  zone  is  discussed  in 
connection  with  the  Silver  Fork  fault.  (See 
p.  24S.) 

NORMAL  FAULTS  AND  STSSP  KKY8H8KD  FAULTS. 

Gen  ecu  I  features. 

Among  the  faults  whose  dip  is  known,  the 
so-called  normal  faults,  with  dip  toward  tho 
downthrown  side,  are  apparently  not  more 
numerous  than  reversed  faults  that  dip  steeply 
iu  the  direction  of  upthrow.  One  fault  appears 
to  be  in  part  normal  and  in  part  reversed ;  and 
the  direct  ion  of  dip  of  many  faults  whose  course 
on  the  surface  shows  them  to  he  sleep  is  un¬ 
known.  It  is  therefore  impracticable  to  clas¬ 
sify  all  these  faults  as  being  cither  normal  or 
reveised. 

The  commonness  of  steep  reversed  faults — 
a  condition  that  is  not  peculiar  to  this  region — 
is  a  fact  which  the  mining  geologist  may  find  it 
practically  useful  to  bear  in  mind.  An  ore 
body  cut  off  by  a  steep  fault  is  generally  pre¬ 
sumed  to  have  moved  downward  on  the  side 
toward  which  the  fault  plane  dips,  as  the  well- 
known  ore  body  of  the  Emma  mine  actually 
did.  It  is  best,  however,  to  attack  such  a 
problem  without  assuming  that  the  fault  is  of 
the  type  that  is,  perhaps  unfortunately,  called 
“normal,"  and  to  ascertain  the  direction  of 
movement,  if  possible,  by  the  usual  methods 
of  field  geology,  before  undertaking  explora¬ 
tory  development  work. 

In  respect  of  strike  the  faults  are  not  ob¬ 
viously  systematic.  It  is  found,  however,  on 
projecting  their  courses  through  a  common 
center,  that  strikes  approximating  the  cardinal 
directions  north  and  east  are  much  commoner 
than  those  very  close  to  northeast  or  north¬ 
west.  Sheaves  of  especial  density  extend  nbout 


north-northwest  and  west-northwest.  The 
widest  segment  that  is  free  from  known  faults 
of  appreciable  throw  is  bisected  by  a  line  strik¬ 
ing  N.  60c  E.,  which,  however,  is  not  far  from 
tho  average  strike  of  the  mineral-bearing  fis¬ 
sures.  Faults  whose  strike  is  nearly  north  are 
especially  common  north  of  Little  Cottonwood 
Creek,  south  of  which  east-west  faults  are  more 
numerous. 

ho  dour  evidence  has  yet  been  found  that 
there  were  distinct  periods  of  faulting,  each  of 
which  resulted  in  tiro  formation  of  approxi¬ 
mately  parallel  faults.  Apparently,  however, 
the  east-west  faults  are  in  general  tho  oldest. 
At  least  two  of  them  arc  joggod  by  othor  steep 
faults,  and  some  of  them  terminate  against 
overthrust  faults.  Yet  the  Mountain  Lake 
fault,  striking  east-northeast,  throws  the  Silver 
Fork  fault,  which  strikes  north.  The  other 
faults,  so  far  as  observed,  are  all  later  than  the 
overthrnsts.  Instances  of  one  fault  clearly 
thrown  by  another  fault  beyond  which  it  can  be 
definitely  identified  are  not  cemmon.  Some 
faults,  on  the  other  hand,  apparently  terminato 
against  others  which  they  meet  at  a  largo  or  a 
small  angle,  the  relations  indicating  relative 
movement  between  blocks  or  wedges  rather 
than  between  parallel  slices. 

Bt*J  Cottonwood  fault. 

The  alluvial  and  glacial  deposits  in  the  upper 
part  of  Big  Cottonwood  Canyon  cover  a  great 
fault  whieh  apparently  causes  relative  down¬ 
throw  to  the  southwest.  At  the  mouth  of 
Mill  D  South  Fork  tho  beds  to  the  south  of  the. 
main  stream  belong  considerably  above  the 
base  of  the  Weber  quartzite,  while  those  to  the 
north  belong,  stratigraphically,  at  least  2,000 
feet  lower.  Farther  east  the  relations  arc 
more  obscure;  the  fault  probably  diminishes  in 
this  direction  and  is  cut  off  by  the  Alta-Clayton 
Peak  stock.  The  fault  runs  up  the  north  side 
of  the  valley  beyond  the  pornt,  just  north  of 
the  quadrangle,  at  which  the  ereek  turns  south- 
westward;  its  course  on  the  slope  indicates  a 
steep  dip,  whose  direction,  however,  has  not 
been  ascertained. 

Silver  Pork  fruit. 

The  evidence  of  a  great  dislocation  which, 
from  its  ulmement  with  the  general  course  of 
Silver  Fork,  may  appropriately  be  called  tho 
Silver  Fork  fault  is  clearest  in  the  gorge  of 
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Little  Cottonwood  Creek  southeast  of  Alta. 
The  west  wall  of  this  gorge  consists  mainly  of 
limestone,  and  tho  east  wall  mainly  of  pre- 
Cambrian  til  1  it ci ;  both  formations  dip  east¬ 
ward.  The  fault  plane  dips  about  45°  W.,  and 
the  fault  is  most  simply  interpreted  os  a  normal 
one,  whose  westward  downthrow  must  have 
amounted  to  at  least  2,000  feet.  The  fault  is 
conspicuous  for  nearly  2  miles  south  of  Alta 
and  probably  will  be  found,  when  the  structure 
has  been  worked  out  in  detail,  to  extend  much 
farther. 

This  great  faull  must  be  bent  or  offset  east¬ 
ward  under  tho  drift-covered  floor  of  Little 
Cottonwood  Canyon  and  must  cross  the  Cot¬ 
tonwood  Divide  a  few  yards  east  of  the  summit 
of  Davenport  Hill,  for  this  divide  is  not  crossed 
elsewhere  by  a  fracture  which  resembles  that  in 
the  gorge  in  dip,  strike,  and  amount  of  dis¬ 
placement.  The  relations  at  this  locality,  so 
far  as  they  uro  shown  on  the  map,  might  be  ex¬ 
plained  by  an  over  thrusting  movement  of  rela¬ 
tively  slight  extent  from  the  west,  resulting  in 
the  uplift  and  the  removal  by  erosion  of  the 
Grizzly  overthrust  on  this  side;  but  this  hy¬ 
pothesis  is  made  untenable  by  fncts  which  the 
map  does  not  express.  First,  the  youngest 
rock  east  of  tho  fault  is  considerably  older  than 
the  youngest  rock  west  of  it.  Second,  the  un¬ 
conformity  between  the  Cambrian  and  post- 
Cambrinn  limestone  immediately  east  of  the 
fault  and  below  the  Grizzly  overthrust  is  near 
tho  top  of  tbo  Cumbrian  shale,  whereas  it  is 
nearly  at  its  highest  observed  level  both  on 
Honeycomb  Hill  and  near  the  Montezuma 
tunnel. 

The  simplest  explanation  of  these  facts  is 
that  the  block  above  the  Grizzly  overthrust  is 
the  same  (uside  from  smaller  fractures)  as  the 
block  west  of  the  Silver  Fork  fault,  which 
would  accordingly  have  caused  a  downthrow  to 
the  west  whoso  least  possible  measure  would 
be  the  difference  of  stratigraphic  level  between 
the  rocks  just  east  and  just  west  of  the  summit 
of  Davenport  Hill.  Tliis  stratigraphic  throw 
would  he,  like  that  in  the  Little  Cottonwood 
gorge,  about  2,000  feet;  the  movement  on  the 
fault  plane  would  be  some  hundreds  of  feet 
more,  and  the  vertical  displacement  consider¬ 
ably  less.  To  restrict  the  downthrow  to  this 
minimum  value  it  is  necessary  to  correlate  the 
Gi  izzly  thrust  zone  with  the  Eeade  and  Beuson 
thrust  zone.  Their  difference  in  stratigraphic. 


level  makes  their  correlation  difficult,  though 
not  impossible;  hut  there  is  even  greater  diffi¬ 
culty  in  correlating  the  Grizzly  overthrust  with 
the  Columbus  or  the  Alta  overthrust. 

The  Silver  Fork  fault  zone  is  reached  by  the 
westerly  drifts  of  the  Silver  King  tuuuel  of  the 
Alta  Consolidated  mine,  where  it  appears  as  a 
heavy  breccia  in  which  the  principal  fissures 
have  a  low  west  dip.  The  fault  may  be  thrown 
by  certain  steeper  faults  on  the  southwest 
slope  of  Davenport  Hill,  but  its  exact  course  is 
difficult  to  follow  here  in  tire  crushed,  thick- 
bedded  limestones.  The  complication  is  even 
greater  oh  the  northerly  slopes  of  the  hill, 
which  consist  of  one  huge  mass  of  limestone 
breccia  produced  by  converging  faults.  The 
evidence  of  a  great  downthrow  to  the  west 
persists  to  the  mouth  of  Silver  Fork,  where  the 
Silver  Fork  fault  either  is  greatly  offset  by  the 
Big  Cottonwood  fault  or  terminates  against  it. 

Superior  fou It*. 

The  east  and  west  Superior  faults  are  the 
two  strong  north-south  faults  that  meet  in 
Superior  Gulch.  At  the  head  of  Mill  D  South 
Fork  they  form  the  sides  of  a  wedgo  of  lime¬ 
stone  which  appears  at  first  sight  to  be  let 
down  into  the  Cambrian  quartzite.  In  reality, 
both  faults  effect  a  downthrow  to  the  east,  for 
the  eastern  mass  of  quartzite  lies  above  and  the 
western  mass  below  the  Alta  overthrust.  (See 
section  A-A,  PI.  XXVII.)  Tho  west  fault  is 
the  greater,  its  estimated  throw  being  about 
1,000  feet;  that  of  the  east  fault  is  perhaps  half 
os  great.  The  dip  of  the  west  fault  in  a  pros¬ 
pect  about  northeast  of  the  Monte  Crislo  mine 
is  nearly  vertical;  that  of  the  east  fault,  as  ex¬ 
posed  at  many  places  in  the  Cardiff  mine,  is 
generally  steep  to  the  east  but  varies  somewhat 
in  different  plaoes. 

Minor  fault*  near  Mill  I)  South  Pork. 

General  character. — The  faults  near  Mill  D 
South  Fork,  other  than  the  overthrusts  and  the 
Superior  faults,  all  depart  widely  from  the 
northerly  trend  that  generally  prevads  north 
of  Little  Cottonwood  Creek;  they  strike  about 
east,  northeast,  and  southeast.  Many  of  them 
are  poorly  exposed,  the  structure  in  the  cauyon 
bottom  north  of  the  Cardiff  mine  being  espe¬ 
cially  obscure.  Tho  more  interesting  of  the 
faults  are  those  that  may  bo  called  the  Car¬ 
bonate,  the  Evarena,  the  Sampson,  and  the 
Ophir. 
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Carbonute  fault. — The  Carbonate  fault  strikes 
south-southeastward  from  the  Carbonate  mine 
and  is  conspicuous  on  tho  steep  west  slope  of 
the  South  Fork  canyon.  This  fault  has 
perhaps  a  greater  throw  than  any  other  in  the 
quadrangle  except  tho  principal  overt!  trusts 
and  other  major  faults  already  described;  the 
displacement  bv  which  it  brings  limestone 
against  Cambrian  quartzite  is  necessarily 
more  than  500  feet.  It  terminates,  however, 
against  the  West  Superior  fault,  beyond  which 
it  has  not  been  found.  It  cuts  an  overthrust 
supposed  to  bo  tho  Alta.  Its  dip  is  about 
vertical  in  the  C'arbonato  mine,  where  it  cuts 
off  tho  ore. 

Evarena  fault. — The  Evarena  fault,  which 
extends  northeastward  from  the  East  Superior 
fault  near  the  Cardiff  mine,  is  named  for  a 
mining  claim  that  parallels  it  on  the  northwest 
side.  Its  downthrow  to  the  northwest  of 
about  300  feet  is  proved  by  tho  offsetting  of 
Cambrian  strata  and  of  tho  Reade  and  Benson 
thrust  zone,  as  inferred  from  scattered  out¬ 
crops  on  ft  gentle  slopo  that  is  partly  mantled 
with  talus.  Tho  fault  has  formed  a  strong 
breccia  in  tbo  Mississippian  limestone  to  the 
east,  and  tho  main  fissure  in  this  breccia  dips 
75°  NW.,  indicating  that  tho  fault  is  a  normal 
one. 

Sampson  and  other  east-west  faults. — The 
Sampson  fault,  which  passes  a  few  rods  south 
of  the  Sampson  shaft,  is  chiefly  remarkable 
for  its  ambiguous  relation  to  two  overthrusts; 
it  offsets  the  uppor  of  these  and  is  cut  off  by 
the  lower.  Apparently  it  was  formed  within 
the  period  of  overthrusting. 

Another  east-west  fault  of  similar  relations  is 
postulated  to  explain  the  apparent  abutting 
of  older  against  younger  limestones  east  of 
Montreal  Spring,  but  this  fault  is  hardly  proved. 
On  the  other  hand,  a  well-exposed  but  partly 
inaccessible  vertical  east  fault  south  of  the 
Sampson  fault  is  thought  to  be  younger  than 
the  overthrusting. 

Ophir  fault. — The  fault  that  strikes  south¬ 
eastward  from  tho  Cardiff  mine  may  be  called 
the  Ophir,  from  ono  of  the  claims  that  it  crosses. 
It  is  much  obscured  by  talus,  but  its  presence  is 
proved  by  fairly  numerous  outcrops  which 
indicate  a  downthrow  of  at  least  200  feet  to  tho 
northeast.  At  the  Cottonwood  Divido  there 
are  complications  which  are  not  fully  under-  j 


stood,  and  the  fault  has  not  been  traced  any 
farther  southeast. 

Minor  hultn  crosslns  the  Cottonwood  Divide. 

General  character.— The  Cottonwood  Divide 
is  crossed  by  numerous  faults  of  nearly  north 
strike,  many  of  which  are  readily  traceable  on 
tho  steep  high  slopes,  where  some  are  marked 
by  prominent  limestone  breccias;  but  on  the 
lower  part  of  the  slope  toward  Alta  they 
become  so  much  obscured  by  waste  ami  glacial 
drift  that  their  relations,  which  have  consider¬ 
able  economic  significance,  remain  in  largo  part 
to  bo  worked  out  by  further  underground 
study. 

Ono  of  tho  fractures,  locally  culled  tho  Snow 
fault,  has  a  low  northwesterly  dip  and  a  down¬ 
throw  to  the  northwest.  Tho  other  faults  are 
all  fairly  steep,  and  the  downthrow  of  most  of 
them  is  on  tho  east  side;  several  of  them  are 
known  to  bo  reversed  faults,  and  nono  are 
known  to  have  a  “normal1'  dip  throughout. 
Tho  faults  that  seem  to  deserve  separate 
notice,  named  in  order  from  oust  to  west,  are 
the  Snow,  Montezuma,  Vallejo,  and  Flagstaff. 

Snow  fault. — The  Snow  fault  may  best  be 
observed  on  the  Tom  Moore  tunnel  level  of  tho 
Wasatch  Mines  Co.,  where  it  forms  a  zone  of 
strong  Assuring  and  crushing  in  which  the 
fissures  dip  25°-55°  WNW.  It  is  not  well  ex¬ 
posed  on  the  surface,  and  its  relation  to  some 
of  the  north-northwest  faults  which  tho  map 
shows  ns  being  cut  off  by  it  is  in  fact  uncertain. 
There  is  better  evidence  that  the  Snow  fault  is 
offset  southeastward  by  the  Montezuma  fault 
and  is  represented  by  a  zone  of  strong  breecia- 
tion  that  may  be  followed  continuously  across 
the  Cottonwood  Divide,  just  south  of  which  the 
breccia  forms  two  or  three  bold  crags.  If  this 
interpretation  is  correct,  the  course  of  the  Snow 
fault  on  the  surface  indicates  a  steepening  of 
I  dip  or  a  chnnge  of  strike  or  both  about  1 ,200 
feet  east  of  the  Montezuma  tunnel.  North  of 
the  crest  the  Snow  fault  apparently  converges 
with  the  Silver  Fork  fault,  which  it  resembles 
in  its  low  west  dip,  strong  brecc.iation,  and  nor¬ 
mal  character  and  of  which  it  may  bo  a  branch. 

Montezuma  fault. — 'Dio  slumping  of  the  sur¬ 
face  rock  toward  the  old  caved  s topes  of  the 
Emma  mine  has  left  exposed,  beside  the  portal  of 
the  Montezuma  tunnel,  an  overhanging  fissure 
wall  that  strikes  N.  42°  W.  and  dips  70°  NE. 
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Halfway  up  the  slopo  between  tills  place  and 
tho  Cottonwood  Divide  the  Tiger  cabin  leans 
against  the  boldly  cropping  breccia  of  a  fault 
that  strikes  N.  15°  W.  and  dif>s  80°  W.  It  is 
believed  that  both  exposures  represent  a  con¬ 
tinuous  fracture,  which  may  be  called  tho  Mon¬ 
tezuma  fault. 

There  are,  however,  certain  difficulties  in 
supposing  the  fault  continuous.  First,  it  is 
normal  at  the  Montezuma  tunnel  and  reversed 
at  the  Tiger  tunnel,  the  downthrow  at  both 
places  being  to  tho  east;  second,  its  chunge  of 
strike  appears  to  take  place  at  an  angle  rather 
than  a  curve.  Continuity,  on  the  other  hand, 
is  argued  by  two  other  facts;  the  dip  of  the 
fissure  in  a  prospect  near  tho  bend  is  85°  E.,  or 
intermediate  between  tho  opposing  dips  already 
mentioned,  and  tho  downthrow  north  of  the 
bend,  as  measured  by  the  crinoidal  bed  of  the 
Mississippian  (division  7,  p.  23S),  is  approxi¬ 
mately  equal  to  that  southeast  of  the  bend, 
which,  as  measured  by  tho  Emma  ore  body, 
amounts  to  about  300  feet.  Tho  caved  stopes 
already  mentioned  were  in  the  segment  of  this 
ore  body  lying  southwest  of  the  fault.;  the 
downtkrown  eastern  segment  was  recovered  in 
11)17,  after  some  40  years  of  desultory  search, 
through  exploration  based  on  the  geologic 
study  of  J.  J.  Beeson. 

Vallejo  fault. — The  Vallejo  fault,  which  is  the 
Gret  one  east  of  tho  Eclipso  shaft,  derives  its 
name  from  the  fact  that  the  portal  of  the 
Vallejo  tunnel  lies  on  its  course.  This  fault 
causes  n  downthrow  of  about  150  feet  to  the 
eust,  best  measured  by  the  displacement  of  the 
white  crinoidal  limestone  on  cliffs  north  of  the 
Cottonwood  Divide.  Its  dip  as  noted  at  two 
or  three  places  on  the  upper  part  of  the  slope 
is  about  70°  W.,  or  in  the  direction  of  upthrow; 
the  Vallejo  fault  thus  appears  to  be  of  the  steop 
reversed  type,  but  its  dip  at  the  Alta  level  is 
uot  known. 

Flagstaff  fault. — Tho  Flagstaff  fault  is  the 
first  one  west  of  tho  FlagstafT  tunnel.  It  is  a 
steep  reversed  fault,  its  dip  being  about  05°  W. 
and  its  downthrow  to  the  east.  Tho  amount 
of  downtlirow  is  about  1 50  feet.  The  Flagstaff 
fault  is  mot  near  the  Cottonwood  Divide  bv  a 
vertical  fault  of  north  strike.  It  is  marked 
near  the  Flagstaff  tunnel  by  a  strong  breccia 
hut  it  becomes  obscure  on  the  lower  port  of  the 
slope  toward  Little  Cottomvood  Crock,  and  it 
may  he  cut  off  by  the  Snow  fault. 


Minor  faults  near  City  Rock  G-ulch. — The 
Cambrian  shale  and  quartzite  along  the  bottom 
of  City  Rock  Gulch  are  broken  by  several  small 
faults  that  are  not  shown  on  the  geologic  map 
(PI.  XXVII),  and  at  the  west  they  are  brought 
into  contact  with  limestone  by  a  fault  that 
dips  about  50°  NW.  and  may  bo  a  part  of  the 
Silver  Fork  fault.  The  wliitish  limestones 
along  the  lower  part  of  the  gulch  are  clearlv 
affected  by  numerous  faults  but  are  so  much 
altered  that  their  stratigraphic  position  can 
hard]}'  be  determined;  and  the  throws  of  the 
faults  therefore  can  not  be  measured.  The 
gentle  slopes  north  and  south  of  the  rocky 
9 tree m  channel  are  strewn  with  morainic  ma¬ 
terial,  which  greatly  obscures  the  structure  and 
adds  to  the  difficulty  of  mapping. 

Just  south  of  City  Rock  Gulch  the  Cambrian 
shale  is  limited  on  the  east  by  a  dike  which 
apparently  occupies  the  fissure  of  a  fault  with 
downthrow  on  tho  enst,  for  the  east  wall  of  the 
fissure  consists  of  cherty  Carboniferous  lime¬ 
stone. 

Minor  faults  near  Honeycomb  Forlc. — The 
thick  series  of  limestone  beds  exposed  in  the 
Honeycomb  Cliffs  nre  deformed  and  folded  and 
are  cut  by  strong  northeasterly  fissures,  most 
of  which  contain  dikes.  At  many  of  these  fis¬ 
sures  there  is  so  abrupt  a  discordance  in  the 
attitude  of  the  strata  on  either  side  as  to  sug¬ 
gest  faulting,  but  at  only  one  fissure,  which  con¬ 
tains  no  dike,  has  a  fault  of  appreciable  throw 
been  proved.  This  Honeycomb  fault,  to  use 
the  obvious  name,  is  reversed  and  dips  for  the 
most  part  ruther  steeply  to  tbo  northwest,  but 
at  the  base  of  the  cliff  it  is  sharply  contorted 
us  a  result  of  later  movement. 

Another  fault,  which  strikes  east  and  has 
caused  apparent  downthrow  to  the  north, 
forms  tho  north  boundary  of  the  Cambrian 
,  limestone  in  the  bottom  of  the  canyon.  This 
j  fault  may  bo  called  the  Woodlawn,  from  the 
mine  of  that  name  which  lies  just  south  of  it. 
Tho  effect  of  the  Woodlawn  fault  becomes 
rather  obscure  in  both  directions  from  Honcy- 
I  comb  Fork.  It  is  thought  to  be,  like  thoSamp- 
son  fault,  older  than  or  contemporaneous  with 
tho  overthrusts  of  easterly  dip. 

Minor  fault-i  *outh  of  Lillie  Cottonwood  Crook. 

The  faults  south  of  Little  Cottonwood  Creek 
have  been  studied  less  thoroughly  than  those 
farther  north,  and  the  direction  of  dip  of  none 
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of  them  is  known.  Most  of  them  full  naturally 
into  four  local  groups. 

Devils  Castle  group. — The  fnults  on  tho  east 
9ide  of  the  main  headwater  basin  of  Little  Cot¬ 
tonwood  Creek  possess  in  common  an  easterly 
strike,  though  they  converge  a  little  toward 
the  west.  Some  cause  a  downthrow  to  the 
south,  others  a  downthrow  to  the  north.  The 
southernmost  and  greatest,  which  may  appro¬ 
priately  be  called  the  Pittsburgh  fault.  The 
downthrow  on  this  fracture  can  not  be  less  than 
500  leet  to  the  north. 

Faults  northwest  of  Mountain  Lake. — The 
Mountain  Lake  fault,  which  is  nearly  tangent 
to  the  north  side  of  Mountain  Lake,  has,  as 
mapped,  an  ambiguous  effect  on  the  distribu¬ 
tion  of  the  rocks;  it  offsets  the  great  Silver  Fork 
fault  westward,  which  indicates  a  downthrow 
to  the  south,  but  the  relations  farther  east  sug¬ 
gest  a.  downthrow  to  the  north. 

This  fault  forms  one  of  a  group  of  fractures 
which  radiate  from  Mount  Baklv  (though 
having  no  significant  relation  to  it)  and  which 
include  some  dike-filled  fissures  north  of  the 
Mountain  Lake  fault. 

Faults  at  head  of  American  Fork, — The  mo¬ 
saic  of  faulted  blocks  at  the  head  of  American 
Fork  may  be,  in  a  sense,  the  southward  con¬ 
tinuation  of  the  Silver  Fork  fault,  for  the  gen¬ 
eral  result.  of  the  faulting  at  this  place  is  a  down¬ 
throw  to  the  west.  No  special  effort  has  vet- 
been  made  to  trace  the  Silver  Fork  fault  south¬ 
ward. 

Faults  near  Peruvian  Gulch. — Four  east-west 
faults  lie  athwnrt  Peruvian  Gulch,  forming  a 
system  that  may  perhaps  be  regarded  as  a 
westward  continuation  of  the  Devils  Castle 
group,  but  the  downthrow  is  on  the  north  side 
tu  every  case.  A  fault  near  the  hend  of  Collins 
Gulch  lias  the  same  character,  but  anotherfault 
that  crosses  Collins  Gulch  lower  down  resembles 
the  nearest  of  the  Devils  Castle  group  in  having 
an  easterly  strike  and  causing  downthrow  to 
the  south. 

M1.VKRA1.IZKD  KIMSURKH. 

Tho  movement  that,  has  occurred  along  the 
ouuernlized  fissures  has  apparently  beon  slight, 
mid  they  are  not  marked  by  strong  breccias 
such  as  those  that  follow  some  of  the  faults, 
fhey  are  comparatively  inconspicuous  at  the 
surface,  being  recognized  only  ns  seams  or  nar- 
row  breccias,  which  nre  stained  brown  with 
o.<kles  of  iron  and  manganese.  The  breccia- 1 


j  tion  is  most  marked  in  certain  beds  of  lime- 
( stone. 

The  fissures  range  in  strike  from  north 
through  northeast  to  east.  Most  of  those 
noted  near  Mill  D  South  Fork  strike  about 
N.  35°-4Q°  E.  and  dip  60°-65°  NW.;  the  Car¬ 
bonate  fissure,  however,  strikes  about  N.  75° 
F.  and  dips  70°  N.  The  principal  fissures  near 
Altn  strike  N,  60°-70°  E.  and  dip  60°-63°  N. 
1  hose  Lu  the  American  Fork  district  appear  to 
belong  to  two  systems,  ono  of  northeasterly 
and  ono  of  easterly  strike.  Tho  slopes  of  the 
famous  Miller  mine  extend  in  both  directions, 
tho  longest  N.  85°  E.  The  Pacific  vein  and 
the  Dutchman  vein  belong  to  the  northeasterly 
system.  Far  to  the  northeast  again  two  sys¬ 
tems  are  found.  In  the  Barry-Coxe  miue,  on 
the  north  slope  of  tho  pass  between  Silver 
Lake  and  Park  City,  tho  mineralized  fissures 
strike  about  north  and  east;  tho  northerly  fis¬ 
sures  are  the  more  heavily  mineralized. 

30MC  GENETIC  RELATIONS  OK  THE  SIRUCTUUAL  FEATURES. 

Wasatch  and  Uinta ■  elements. — Perhaps  the 
most  broadly  interesting  problem  upon  which 
light  is  thrown  by  the  geologic  structure  of  the 
Cottouwood-Park  City  region  is  that  of  the 
relntive  age  of  tho  Uinta  Range  and  of  the 
primitive  Wasatch  uplift,  without  regard  to 
the  late  rejuvenescence  of  the  Wasatch  Range 
by  faulting.  Both  ranges  were  formed  prima¬ 
rily  by  uplift  and  deformation,  and  the  struc¬ 
tural  features  of  this  region,  which  lies  at  the 
intersection  of  their  axes,  are  related  in  part 
to  the  Uinta  uplift  and  in  part  to  the  Wasatch 
uplift.  Tt  is  possible  to  separate,  at  least  in 
part,  the  Wasatch  elements  from  the  Uinta 
elements  and  to  determine  the  relative  ago  of 
the  groups  thus  formed. 

The  Wasatch  Range  as  a  whole  is  charac¬ 
terized  by  north-south  folds,  and  the  more 
fully  its  structure  is  understood  the  more  these 
folds  are  found  to  be  accompanied  by  over¬ 
thrusts  of  nearly  north-south  strike.  Both 
the  overthrusting  and  the  longitudinal  folding 
are  plainly  tho  result  of  tangentinl  pressure 
acting  from  the  east  and  west,  and  the  two 
kinds  of  deformation  were  probably  almost 
contemporaneous. 

The  Uinta  Range,  on  the  other  hand,  was 
formed  by  a  relatively  simple  uplift  along  an 
easterly  axis.  The  lino  of  this  axis,  west  of 
the  Uinta,  is  marked  by  a  row  of  intrusive 
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bodies.  This  fact  can  hardly  be  accidental; 
whether  the  intrusion  caused  the  uplift  or  the 
uplift  caused  tho  intrusion,  the  two  activities 
must  have  been  causally  connected  and  virtu¬ 
ally  contemporaneous. 

In  the  complex  structure  of  the  Cottonwood- 
Park  City  region,  the  Lin ta. elements  are  chiefly 
represented  by  the  intrusive  rocks  and  by  the 
Purk  City  anticline.  The  eastward  plunge  of 
the  anticline,  however,  is  regarded  us  a  Wa¬ 
satch  element.  It  muy  conceivably  be  due  to 
one  or  more  of  the  following  causes:  (1)  Tilt¬ 
ing  of  the  Wasatch  Range  as  a  whole  at  the 
timo  of  the  faulting  along  the  west  face;  (2)  a 
bodily  eastward  tilting  of  tho  anticline  by 
later  Wasatch  folding;  (3)  differential  upward 
pressure  by  intrusivo  bodies;  (4)  an  eastward 
inclination  of  the  beds  before  the  Uinta  uplift. 

The  first-named  cause  can  not  have  been  im¬ 
portant,  for  tho  physiographic  evidence  indi¬ 
cates  that  the  tilting  correlative  to  the  faulting 
was  very  much  less  than  that  evinced  by  the 
general  eastward  dip  of  about  30°  along  the 
axis  of  the  Park  City  anticline.  This  tilting 
merely  increased  an  inclination  that  was 
already  pronounced. 

The  assignment  of  the  Wasatch  deformation  i 
to  it  later  date  than  the  Uinta  uplift  is  nega¬ 
tived  by  the  relation  of  the  overthrusting  (a 
Wasatch  feature)  to  the  intrusion  (a  Uinta 
feature).  The  overthrusting  is  earlier  than 
the  intrusion:  the  Columbus  overthrust  is 
crossed  by  at  least  one  dike  of  soda  granite 
porphyry;  the  fissure  of  the  Grizzly  over  thrust 
carries  metamorphic  minerals  that  must  have 
been  formed  by  tho  passage  of  emanations  from 
the  magma  :  and  neither  this  ovor  thrust  nor  any 
other,  so  far  n-s  known,  has  fractured  the  Alta- 
Clayton  Peak  stock.  The  second  of  the  possi¬ 
bilities  proposed  above  is  thus  eliminated;  tho 
Wusateh  deformation  is  the  earlier,  on  the 
assumption  that  the  obvious  grouping  of  tho 
major  structural  features  is  accordant  with  the 
facts  of  genesis. 

Evidence,  independent  of  this  last  assump¬ 
tion,  that  not  only  the  intrusion  but  the  Uinta 
folding  was  later  than  the  overthrusting  would 
be  supplied  if  tho  overthrusts  were  shown  to 
have  the  same  northeastwurd  convexity  as  the 
sedimentary  strata.  Unfortunately,  no  en¬ 
deavor  hns  been  made  to  trace  the  overthrusts 
to  an  end,  and  their  curvature  for  the  short 
distances  that  they  have  been  traced  is  hardly 


decisive;  hut  if  the  thrust  contact  south  of  the 
Carbonate  mine  is,  as  is  believed,  a  part  of  the 
Alta  over  thrust,  its  westerly  strike,  in  gonernl 
accordance  with  that  of  the  adjacent  strata, 
confirms  the  hypothesis. 

It  may  be  asserted  with  much  confidence, 
therefore,  that  the  earliest  deformation  of  the 
strata  exposed  in  the  Cottonwood-Park  City 
region  was  effected  by  folding  and  overthrust¬ 
ing  on  north-south  lines.  These  strata  forma 
part  of  the  western  limb  of  the  Great  Logan 
syncline  which  hns  been  deformed  by  the 
agencies  that  gave  birth  to  the  Uinta  Range. 

Relot'u/ii  of  intru.d/m  to  deformation. — The 
eastward  pitch  of  the  Park  City'  anticline  is 
thus  explained  without  invoking  differential 
uplift  by  the  exposed  intrusive  bodies. 
Whether  uplift  all  along  the  Uinta  axis  was 
caused  primarily  by  injection  of  igneous 
material  that  remains  wholly  concealed  in  the 
Uinta  Range  itself  is  another  question,  upon 
which  the  writer  feels  unprepared  to  pronounce 
a  final  opinion.  There  are  some  structural 
features  thntsuggest,  at  least,  that  the  intruded 
magma  deformed  or  dislocated  the  sedimentary 
rocks. 

The  most  obvious  suggestion  of  tho  bending 
of  strata  by  intrusion  is  given  by  the  general 
dip  of  the  strata  away  from  the  Little  Cotton¬ 
wood  stock;  but  the  wallsof  this  bod}' cut  across 
the  strata  in  great  part,  and  its  western  wall, 
if  it  were  visible,  might  prove  as  radically  dis¬ 
cordant  with  the  bedding  as  the  western  wall 
of  tho  Alta-Clay ton  Peak  stock  is  readily  seen 
to  be.  The  dip  of  the  strata  around  the  Alta- 
Clayton  Peak  stock  is  not  quaquaversal;  the 
fact  that  they  dip  outward  from  it  farther  east 
results  necessarily  from  the  position  of  the 
stock  on  the  axis  of  an  anticline;  and  the  same 
is  true  of  the  Little  Cottonwood  stock.  Al¬ 
though  the  evidence  of  doming  is  thus  ambigu¬ 
ous,  a  suggestion  of  nearly  horizontal  pressure 
acting  outward  from  a  steep  wall  is  conveyed 
by  the  minor  folds  in  Honeycomb  Hill  and  by 
those  near  Superior  Gulch.  (See  p.  244.) 
Some  instances  of  minor  folding  caused  bv 
intrusion  in  the  Park  City  district  are  cited  by 
Boutwell.1 


The  mineralized  fissures  and  most  of  tuc 
faults  other  than  overthrusts  are  later  than  the 
Wasatch  folding  and  overthrust  faulting-  I' 


1  Boutwell,  J.  M  ,  (Icolofy  nod  ore  deposits  of  lh«  Puri:  Oily  dlstrfl’ 
Utah:  V.  8.  Ccol.  8un»y  Prof.  Pnpcr  77r  p.  97, 1012. 


WASATCH  RANGE. 


253 


is  natural  to  seek  for  evidence  of  genetic 
relationship  between  these  later  fractures 
and  intrusion,  for  intrusion,  whatever  its 
mechanism,  must  be  attended  hv  some  fissuring 
of  the  surrounding  rocks,  and  the  readjust¬ 
ments  attendant  on  contraction  of  the  cool¬ 
ing  magma  must  cause  some  dislocations. 
Unfortunately  the  relations  between  faults, 
fissures,  and  intrusive  hodies  are  much  ob¬ 
scured  at  critical  localities  by  surficial  deposits: 
some  more  or  less  tentative  conclusions,  how¬ 
ever,  may  be  deduced  from  the  facts  that  are 
known. 

There  are  several  indications,  quite  in¬ 
dependent  of  most  of  the  arguments  advanced 
by  Mr.  Butler  (see  p.  283)  in  support  of 
a  genetic  relation  botween  the  ore  deposits 
and  intrusion,  that  the  formation  of  the 
mineralized  fissures  was  due  to  the  intrusion 
of  the  stocks.1  line  strike  of  the  grent  majority 
of  these  fissures  is  about  eust-northeast,  or 
parallel  to  the  alinement  of  the  intrusive 
stocks.  Not  only  is  it  to  be  expected  that 
intrusion  would  give  rise  to  fissures  of  this 
(rend,  but  this  is  actually  the  trend  of  most 
of  the  dikes,  which  must  have  been  injected 
into  fissures  opened  by  the  intrusion.  Where, 
as  at  some  places  in  the  Big  Cottonwood  and 
American  Forks  districts,  the  mineralized 
Gssures  depart  from  the  usual  east-northeast 
direction,  they  are  either  parallel  or  radial 
to  the  periphery  of  the  nearest  intrusive  body, 
iiad  in  either  case  may  well  bo  related  to  it. 
In  the  Dutchman,  Live  Yankee,  and  Miller 
mines  of  the  American  Fork  area  the  veins  are 
bordered  by  dikes  on  one  side  for  parts  of 
their  courses,  though  the  dikes  are  somewhat 
earlier  than  the  veins.  The  ore-beamig  fis¬ 
sures,  then,  were  pretty  clearly  formed  as  a 
result  of  the  intrusion  but  were  not  mineralized 
at  the  very  beginning  of  the  igneous  poriod. 

Some  of  the  faults  are  known  to  cut  igneous 
rocks  and  ore  bodies.  The  best  known  instance 
of  postmineral  faulting  is  the  displacement  of 
(he  Emma  ore  body  by  the  Montezuma  fault. 
The  Live  Yankee  vein  is  broken  by  a  fault  that 
makes  a  rather  small  angle  with  the  mineral- 
bearing  fissure.  The  east  Superior  fault  cu(s 
off  the  Cardiff  ore  body.  All  these  postmineral 
faults  are  presumably  later  than  the  period  of 

’  pi*  'vrla  willing  to  tho  nUncrollwd  assures  aw  taken  from  Dutlor, 
“•  » ,  and  LougliKn,  (5.  F„  A  reconnaissance  of  tha  Cottonwood-  i 
Porl<  Bttaintt  region,  Utah:  V.  S.  OeoL  Survey  Bull.  630. 
PI1  WHO,  1915,  1 


intrusion,  and  many  other  faults  can  bo  directly 
observed  to  cut  intrusive  rocks.  Tho  outcrops 
of  soda  granite  porphyry  found  near  a  line 
which  extends  from  the  Wasatch  drain  tunnel 
to  Honeycomb  Fork  probably  belong  to  a 
single  largo  dike,  but  if  so  this  dike  is  thrown 
by  several  faults,  though  it  crosses  the  Grizzly 
overthrust  with  only  a  slight  jog  which  is 
probably  due  to  a  swerving  of  tho  dike-filled 
fissure  at  its  intersection  with  tho  thrust  plane. 
The  great  Silver  Fork  fault  has  affected  the 
intrusive  rocks;  it  jogs  the  boundary  of  (ho 
Alta-Clayton  Peak  stock  in  the  gorge  of  Little 
Cottonwood  Creek,  and  farther  south  it  cuts 
off  numerous  dikes  of  granodiorile  porphyry. 
It  also  cuts  off  the  ore-bouring  fissures  whose 
course  it  intersects.  Some  east-west  faults 
appear  to  bo  cut  off  by  the  Little  Cottonwood 
grnnodiorito.  The  relation  of  many  faults  to 
intrusive  bodies  and  to  the  ores  is  indeter¬ 
minate. 

Despite  the  doubt  concerning  the  age  of  some 
of  tho  faults,  it  is  clear  that  faulting  began 
before  intrusion  and  ended  after  the  intrusive 
rocks  now  visible  lmd  solidified.  It  can  hardly 
he  doubted  that  some  of  the  faulting  is  duo  to 
unequal  subsidence  of  tho  crust  above  a 
cooling  mass  of  magma,  which  at  a  certain 
depth  presumably  underlay  a  large  continuous 
tract  that  included  all  tho  area  in  which  intru- 
sivo  rocks  are  now  exposed;  and  some  faulting 
may  have  been  caused  by  differential  upward 
movement  of  the  magma.  Tho  latter  agency 
affords  a  possible  explanation  of  tho  abundance 
of  steep  reversed  faults,  which  are  not  easily 
i  accounted  for  by  the  simple  lateral  stretching 
of  the  crust  that  is  generally  supposed  to 
be  the  cause  of  normal  faulting.  Steep 
reversed  faults  appear  to  presupposo  the 
action  of  forces  whose  chief  component  is 
vertical.  The  movement  on  tho  Montezuma 
fissure,  if  tins  fissure  is,  as  supposed,  concave 
eastward  in  vertical  section,  involves  a  differ¬ 
ential  tilting  of  tho  blocks  on  either  side,  the 
west  edge  of  the  block  to  the  cast  having  swung 
downward.  Such  movement  in  the  roof  of  nil 
unsolidified  magma  is  not  difficult  to  imagine. 

Even  faults  that  dislocate  the  visible  igneous 
rocks  may  he  due  to  movements  in  deop- 
lying  parts  of  the  magma  clinmher,  where 
solidification  occurred  later  than  at  the  levels 
accessible  to  observation.  An  instance  of  a 
I  fissure  in  granite  that  dies  out  in  depth  is 
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described  by  Mr.  Butler  on  page  199,  and  some 
of  the  post-mineral  faults  of  the  Cottonwood 
district  might  similarly  vanish  at  the  depth  ot 
ti  few  thousand  feet.  The  extent  to  which 
this  relationship  exists  is,  however,  a  highly 
speculative  question.  It  is  probable  that 
some  of  the  faults  arc  unrelated  to  intrusion; 
some  of  the  later  ones  may  have  been  formed 
at  the  same  time  as  the  great  fault  that 
defines  the  Wasatch  front,  and  this  fault,  is  so 
recent  and  so  extensive  that  it  con  hardly  be 
reluted  to  the  intrusions  of  tho  Binghum-Pnrk 
City  zone.  The  Silver  Fork  and  Snow'  faults 
resemble  the  Wasatch  fault  in  their  low 
westerly  dip,  but  since  they  have  no  direct 
expression  in  the  topography  and  are  thrown 
by  other  faults  they  may  well  be  of  earlier  date. 

SUMMARY. 

The  earliest  deformation  of  the  strata  in 
this  region  was  the  Wasatch  folding  and 
ovcrtlirust  faulting  along  north-south  lines. 
The  strata,  having  been  thus  tilted  eastward 
and  reduplicated  by  thrust  faults  of  eastward 
dip,  were  bent  upward  and  invaded  by  grano-  | 
diorito  magma  along  the  oast-west  Uinta 
axis,  simultaneously  with  the  formation  of  the 
Uinta  Range.  The  mineral-bearing  fissures 
probably  were  formed  at  an  early  stago  and 
mineralized  at  a  later  stage  of  tho  period 
within  which  the  maginus  were  intruded  and 
became  solidified.  Normal  faults  and  reverse 
faults  of  steep  dip  began  to  bo  formed  hi  the 
period  of  overthrusting.  Probably  a  largo 1 
proportion  of  the  faults  were  formed  in  the 
period  of  intrusion  and  solidification,  and 
many  of  these  may  have  been  due  to  move¬ 
ments  of  the  magma.  Some  are  moro  recent 
than  the  igneous  rocks  and  the  ores;  these 
may  bo  duo  in  part  to  adjustments  in  the 
doep-soated,  late-solidifying  portions  of  the 
magmas,  but  they  may  bo  due  in  part  or 
wholly  to  other  causes. 

HISTORY. 

By  V.  0.  E hikes. 

LITTLE  COTTONWOOD  DISTRICT  • 

DEVELOPMENT, 

Ore  was  first  discovered  in  the  Lit  tie  Cotton¬ 
wood  district  by  Gen.  Conner’s  soldiers  in 
1SG4,  and  the  Wasatch  district  wus  then 
organized,  but  it  was  soon  abandoned  owing 
to  tho  great  expense  of  working. 


In  1867  most  of  tho  claims  wore  ‘jumped” 
and  the  Mountain  Lake  district,  which  in¬ 
cluded  a  large  area  in  the  Wasatch  Range,  was 
organized.  It  was  divided  in  1S69-70  into 
the  Little  and  Big  Cottonwood,  American 
Fork,  and  Uinta  districts.  The  mining  claims 
recorded  in  tho  Little  Cottonwood  district 
covered  an  area  about  2 V  miles  square.  Alta, 
the  principal  camp,  is  1C  miles  oast  of  Sandy, 
a  station  on  the  Denver  &  Rio  Grande  and 
Los  Angeles  &  Salt  Lake  railroads.  A  railroad 
was  completed  to  the  district  in  May,  1873, 
hut  was  discontinued  a  few  years  later.  In 
1913  the  grade  was  repaired  and  rails  laid  as 
far  as  Wasatch  for  the  transportation  of  build¬ 
ing  stone  to  Salt  Lake  City.  The  mine  oper¬ 
ators  in  the  district  took  advantage  of  this 
renewed  method  of  transportation,  thus  saving 
a  wagon  haul  of  9  miles  to  the  smelters.  In 
1916  construction  on  a  narrow-gage  extension 
of  the  rond  to  Alta  was  begun,  and  in  1917  it 
hod  been  extended  to  a  point  a  short  distance 
below  Alta. 

Tho  most  productive  period  was  betweon 
1871  and  1877.  At  the  time  of  Iluntloy’s 
visit1  (October,  1880)  only  two  mines— tho 
Vallejo  and  tho  City  Rock — were  working 
regularly,  the  others  having  closed  down,  for 
several  causes,  including  legal  troubles,  tiro 
exhaustion  of  working  capital,  the  giving  out 
of  surface  bodies,  tho  finding  of  pyrite  and 
water  in  the  lower  levels,  and  the  low  price  of 
lead. 

Very  little  motallurgic  work  was  ever  done 
in  the  district,  us  most  of  tho  oro  was  sold  in  tho 
Salt  Lake  market.  In  1866  the  owner  of  tho 
North  Star  mine  built  a  Scotch  hearth  furnace 
and  ran  out  about  3  tons  of  lead.  In  the  fol¬ 
lowing  year  he  erected  a  reverberatory  turnoce, 
which  succeeded,  and  a  cupel  furnace,  which 
failed.  The  Jones  smel  tor,  about  41  miles  from 
the  mouth  of  Little  Cottonwood  Canyon,  was 
operated  in  1871  and  ran  on  custom  ores  for 
two  years.  In  1S72  or  1873  the  Davenport 
!  smelter  was  started  at  the  same  place.  1“ 
addition,  to  the  ore  from  the  mine  it  worked 
some  custom  ore  but  was  shut  down  in  187*). 
The  Flagstaff  Co.  also  erected  three  stacks  in 
this  vicinity.  Several  unsuccessful  attempt 
were  made  to  leach  ores  on  a  small  sc  e- 
Concentration  works  were  built  for  the 

1  Huntley,  I).  11,,  Thu  mining;  industries  o(  Twitl1  C* 

u.  s.,  veil.  i3,  p.  «sj,  m 


Wasatch  range. 


255 


mine  and  were  financially  successful,  though 
tho  percent  ago  obtained  was  low. 

MIMES. 

Tho  history  of  the  Emma  and  other  mines 
was  given  by  Huntley1  in  1880,  as  follows: 

Tbo  Emma  min®  *  *  *  was  located  in  1S6S  by 
Woodman,  Chisholm,  Woodhull  &  Reich.  Little  work  was 
done  until  the  autumn  of  1869,  when  tho  ore  body  was 
struck.  Some  ore  was  shipped  and  sold  prior  to  tho  sale  of 
the  mine  to  the  Emma  Mining  Co.,  of  New  York,  in  1870. 
This  company  worked  the  mine  quite  vigorously  and 
shipped  n  large  amount  of  ore.  Tho  following  year  the 
property  was  sold  to  the  Emma  Silver  Mining  Co.  of  Utah 
(Ltd.)  for  $->,000,000  cash ;  another  authority  placed  the 
price  at  $1,500,000.  Tho  mine  was  thou  worked  by  Eng¬ 
lish  managers,  paid  $100,000  in  dividends  (ono  authority 
Bivs  $1,300,000)  until  September,  1874,  when  it  was 
atlached  by  T.  W.  Park  and  others  for  an  iu<lebtedn<vw  of 
$100,000.  It  was  then  idle  until  October,  1877,  when  tbo 
American  Emma  Mining  Co.  was  incorporated  and  work 
resumed.  The  second  oro  body  fniled  in  the  autumn  of 
1S73,  up  to  which  t  ime  most  of  the  oro  had  been  stripped  to 
Swansea,  Wales.  During  tho  years  1873,  1874,  1878,  rind 
1S79  much  lotv-grado  ore  was  concentrated  by  jigs. 

When  tho  American  Emma  Mining  Co.  began  work  it  first 
prospected  thoold  oro  bodies  and  then  leased  the  Bay  City 
tunnel,  which  was  1 ,700  foot  long  a  nd  90  feet-  below  tho  lowest 
old  workings  of  the  Emma,  This  tunnel  had  heen  run  by  a 
St.  Louis  company  at  a  cost  of  $75,000  and  had  been  aban¬ 
doned  in  1S7G.  Since  making  tho  connection  a  small  oeher- 
atained  scam,  in  an  incline  or  winze  1(10  feet  below  tho  tun¬ 
nel  level,  has  been  followed.  *  *  *  From  Mr.  Charles 
Smith,  of  Salt  Lake  City,  whoso  accounts  included  all  but 
the  first  few  hundred  tons  sold,  the  writer  learned  that  tho 
sales  of  oro  to  June  1,  1380,  amounted  to  27,451  tons,  lor 
which  $2,637,727.44  was  received.  (See  also  p.  261.) 

The  Flagstaff  mine  *  *  *  was  located  in  1SC9  by 
Grocsbeek,  Schneider,  and  others,  who  worked  it  under 
Ihe  name  ol  the  Salt  Lake  Mining  Co.  until  February’, 
1872,  when  it  was  bonded  to  one  Davis  for  $100,000,  who 
sold  it  to  English  capitalists  for  SI ,500,000.  They  organ¬ 
ized  tho  Flagstaff  Silver  Mining  Co.  of  Utah  (Ltd.)  nod 
worked  the  mine  in  a  very  expensive  manner  until  Decem¬ 
ber,  1873,  when  the  ore  bodies  in  sight  gave  out.  *  *  * 
Davis  took  the  mine  and  worked  it  under  agreement  with 
the  company  until  December  24,  1876,  wlion  he  was 
dispossessed  by  the  United  States  marshal  under  orders 
from  the  English  directors.  Heavy  lawsuits  with  small 
results  followed.  Since  1S76  tho  mine  has  been  leased 
‘tnd  subleased  many  times,  but  has  been  idle  since  the 
dimmer  of  1880.  Altlic  timoof  examination  it  was  owned 
Bros.,  of  New  York,  who  took  it  for  debt. 

The  English  company  erected  tho  Flagstaff 
smelter  (three  stacks)  at  the  mouth  of  Little  Cottonwood 
Anjou  and  ran  ^  „ntil  November,  1873,  when  they 
cased  the  Last  Chance  smelter  near  Sandy.  Smelting 
was  not  as  profitable  as  selling  the  ore,  which  after  April, 


Flagstaff  is 
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*"*  oi  UI  the  Salt  Lake  market.  The 

S  eno  T  ’ !iC  K"S,ish  ‘■""lwny  amounted  to  about 
11lp  P^PPny  consists  of  i lie  Flagstaff,  South 
Star  and  Titus,  Virginia,  und  Naliob,  The 
2,200  by  100  feet,  but  it  extends  acre- 
belt. 

The  total  Kudnri  was  estimated  by  the  superintendent 
to  be  100,000  tons.  Of  this,  30.000  tons  probably  awayed 
810  gold.  60  ounces  silver,  and  -10  per  cent  lend  and  sold 
(or  or  was  worth  $S0  p,.r  ton.  Tho  remainder  probat.lv 
assayed  $4  gold.  30  ounces  silver,  and  20  per  cent  lead 
and  was  wort  h  $30  per  ton.  *  *  » 

The  South  Stnr  and  Titus,  nn  older  location  thnn  the 
flagstaff,  hus  1-ecn  constantly  harassed  by  lawsuits. 
Several  hundred  thousuud  dollars'  worth  of  ore  lias  been 
extracted.  *  *  *  Active  work  reused  in  1878. 

The  Nabob  was  located  in  1876.  A  huge  body  ot  ore, 
>dng  partly  in  the  \  irgir.ia  ground,  was  struck  in  tlx; 
winter  of  1876-77,  which  yielded  about  $100,000.  *  •  • 
An  ore  body,  30  by  23  by  4  feet.,  wtu  found  not  50  feet 
from  the  surface.  The  average  i-.-s a v  of  this  ore  was 
$7 ‘1,76,  of  which  £20  waa  jjold.  •  *  • 

The  Joab  Lawrence  Co.,  the  principal  actively  working 
company  on  Emma  Hill  at.  the  time  of  tho  writer’s  visit, 
was  organized  in  tho  spring  of  1379.  Its  property  consists 
of  tho  Vallejo  and  tho  North  Star,  adjacent  cluims,  situnted 
between  the  Emma  and  Ihe  Flagstaff.  Tho  North  Star 
was  ono  of  the  earliest  claims  of  the  district,  having  been 
located  in  1865,  and  lias  yielded  largely.  ►  •  *  The 
Vallejo  was  worked  in  1872,  1873,  1874,  1875,  and  1877  by 
several  companies,  and  much  ore  was  extracted,  »  *  * 
It  [the  orej  was  fine  and  contained  from  20  to  45  per  cent 
lead  and  from  15  to  90  ounces  silver,  from  20  to  35  per  cent 
iron  and  from  9  to  14  per  cent  of  moisture.  It  was  in 
great  demand  among  the  smelters  owing  to  tho  lack  of 
silica  and  the  presence  of  so  much  iron.  A  low  grade  of 
ore  containing  from  40  to  50  per  cent  of  iron,  no  lead,  and 
a  few  ounces  of  silver  was  also  shipped.  *  *  * 

The  Toledo-Utah  Silver  Mining  A  Smelting  Co.  bought 
the  Toledo  mine  shortly  after  its  discovery  iu  1872  and 
worked  it  quite  extensively  until  April,  1880,  Tho 
pro  port)-  consists  of  the  Toledo  and  the  Fuller  claims. 
On  the  hitter  most  of  tho  ore  has  been  found  and  most 
of  the  work  doDe.  *  *  • 

Tho  Emily  mino  is  sit  uated  in  a  small  raid  no  between 
the  Toledo  and  Euuna  Hill.  It  was  discovered  in  1S70. 
It  is  owned  by  tho  Emily  Alining  Co.,  of  Pittsburgh,  Pa. 
They  ceased  regular  work  in  1874,  and  the  mino  has  been 
leased  since  at  one-fifth  royalty.  It  is  a  bedded  vein  of 
clay  slate  in  quartzite,  dipping  about  60°  E.  The  ore  is 
from  1  to  6  inches  wide  and  consists  of  quarts  containing 
pyrite,  sphalerite,  galena,  and  totrahedrite.  When  sorted 
it  assay*  from  $80  to  $100.  *  *  * 

The  City  Rock  and  Utah  group  is  situated  at  t  he  head  of 
Little  Cottonwood  Cany'on  aud  comprises  tbo  Utah,  100 
by  1,000  feet;  City  Rock,  100  by  1,000  feet,  Wist  Wind, 
100  by  495  feet;  King  oi  tho  West,  Utah  No.  2,  Utah 
No.  3,  and  Freeland.  Tho  first  threo  are  on  the  Utah 
vein,  and  the  others  aro  on  the  parallel  King  oi  the  West 
vein,  200  feet  distant,  and  have  but  littlo  develop¬ 
ment.  *  4  ‘ 
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ORE  DEPOSITS  OF  UTAH. 


The  other  mines  of  the  Little  C  ottonwood  district  are: 


Mine. 

Total 

length  of 
openings. 

Fo.l. 

1,500 

500 

300 

1.  .800 

630 

800 

700 
1, 100 

500 

3,000 

450 

1,000 

3,000 

500 

4,  .800 

1,000 

600 

500 

300 

1,800 

1,910 

600 

300 

Fritz . 

460 

700 

500 

500 

Total 

products. 


§10. 000 


Small. 

(“) 


18, 000 


60,  000 
203. 000 
Small. 


Large. 
Smc.ll. 
600, 000 


Small. 
37, 000 


Remarks. 


100,  000 
20,  000 

8,  000 

Small. 

Small. 

Small. 

Small. 

None. 


Ore,  a  sulphured  containing  considerable  zinc. 
One  ore  body  yielded  §10,000  or  more. 


Vein  r.ot  well  defined. 

Ore  ajvsiys  §80  to  §100  per  ton. 

Several  thousand  dollars  have  been  extracted. 

Ore  assays  20  ounces  silver  and  25  per  cent  lead. 
Many  hundred  tons  have  been  shipped. 

Ore  35  per  cent  lead  and  35  to  150  ounces  silver. 

Ore  medium  grade. 

A  few  hundred  tons  have  been  extracted. 

Contains  large  bodies  of  low-grade  ore. 


Do. 

Average  assays:  200  ounces  silver,  10  per  cent  lead, 

§10  gold, 

j  Ore,  galena  in  small  seams  in  limestone. 

Ore  assays  30  to  90  ounces  silver,  10  to  60  [tor  cent 
lead,  §3  gold. 

Ore,  10  to  12  ounces  cchery  Carbonate  and  10  to  50 
i  ounces  galena. 

I  Ore,  cerusite,  galena,  and  pyrites,  containing  16  to  60 
ounces  silver. 

Vein,  20  feet;  soft ,  low-grade  ocher. 

A  few  tons  shipped,  allying  '10  to  60  ounces  silver, 
40  to  70  per  cent  load,  ana  §6  gold. 

Small  stringers  of  carbonate  ore  in  limestone. 


•  A  law  thoussud  dollars. 


TUNNEL  sites. 

Tho  topography  of  this  district  is  very  favorable  for  the 
location  of  tunnel  sites.  Accordingly,  in  early  times 
work  was  begun  upon  a  great  many.  They  havo  cost 
fortunes  but  have  rarely  been  successful  in  finding  ore; 
and  though  all  areslill  claimed,  fowaro  worked  more  than 
ia  sufficient  inr  usBewmeut  work.  These  tunnel  sites,  in  a 
legal  way,  are  a  great  drawback  to  the  district.  They  were 
located  before  many  of  the  present  claims;  they  ran  in  all 
directions,  and,  in  oaso  largo  and  rich  ore  bodies  should  be 
found,  some  of  them  might  he  used  to  make  serious  legal 
difficulties.  Tho  following  are  the  principal  tunnel 
sites  in  the  order  of  their  situation,  beginning  at  the  west, 
on  tho  north  side  of  Little  Cottonwood,  and  continuing 
in  a  semicircle  around  tho  head  of  the  canyon: 

Frederick  tunnel, — This  was  driven  to  develop  the  Fred¬ 
erick  and  Crown  Point  claims.  These  are  parallel  veins, 
70  feet  apart,  3  and  1$  ieet  wide,  dipping  54°  N.  in  lime¬ 
stone  and  between  limestone  and  quartzite.  The  ore  is  a 
carlxmatc,  18  inches  wide,  and  averages  60  ounces  silver 
and  35  per  cent  lead.  The  claims  were  located  in  1870 
and  wore  worked  until  1873,  when  water  and  galena  were 
encountered  at  a  depth  of  337  feet.  The  value  of  the  ore 
sold  was  estimated  at  $35,000.  Tho  mines  were  leased 
until  May,  1S7G,  when  the  tunnel  was  begun.  *  *  * 


Howland  tunnel. — Work  was  begun  on  this  several  years 
ago.  It  has  been  relocated  several  times  and  'was,  at  the 
period  under  review,  known  us  tho  Solitary'.  Its  length  is 
600  feet.  *  *  * 

Geneva  tunnel, — Abandoned.  Length  unknown. 

Lady  Emma  tunnel. — Length,  370  feet.  Relocated  and 
called  tho  Prince  of  the  Ililis.  *  *  * 

Chicago  tunnel. — Length,  600  feet.  Relocated  and  called 
the  Fitzgerald  tunnel. 

Vallejo  tunnel. — Used  in  the  early  development  of  the 
Vallejo  mine. 

Utah  tunnel. — Relocated  ns  the  l!urgo«  and  used  lo 
work  the  Vallejo  mine. 

Gladiator  tunnel, — Length,  uhout  1,000  feet.  U*®“  to 
work  the  North  Star  mine. 

Great  Salt  Laic  Tunnel  &  J  lining  Co.— This  is  better 
known  as  the  DuiTalo  tunnel.  It  was  located  in  17'  ■ 
is  000  feet  in  length,  and  is  regularly  worked,  275  feet 
having  been  run  the  preceding  year.  This  company  dm 
located  two  claims,  tho  Buffalo  and  another,  having 9-mc 
veins,  containing  galena  and  pyrites.  Three  small  bodi® 
were  fou  nd .  The  ore  sold  for  abont  §80  per  ton  and  >"e  ® 
a  few  thousand  dollars.  The  Allegan  mine,  «>P *•  . 
through  this  tunnel,  has  about  560  feet  of  cutting®  *D 
yielded  a  few  thousand  dollars  some  years  ago. 


WASATCH  HAXGE. 


flay  City  tunnel. — Length,  1,7(10  feet.  *  *  * 

Illinois  tunnel. — Length,  800  feet.  *  *  * 

Eipiitable  Tunnel  J:  ifininij  Co. — This  company 'e 
tuuuc‘1  is  about  1,500  feet  in  length,  -with  side  drift* 
and  winzes  amounting  In  900  feet,  and  is  situated  above 
the  Day  City.  *  *  * 

Little  Cottonwood  tunnel. — Relocated  and  called  the 
Auckland.  Tt  is  000  feet  long  and  was  run  to  tap  the  Sav  age 
and  Montezuma  group. 

Reliance  tunnel. — Abandoned.  Little  work  done. 

Ifnnha'ion  tunnel. — Abandoned  and  relocated  as  the 
McKay  ami  Revolution.  Length,  500  feet. 

Ely  tunnel. — Abandoned. 

Phoenix  tunnel. — Owned  by  the  Equitable  Tunnel  A 
Mining  Co.  Length,  700  feet. 

Herman  tunnel,  known  as  the  Til  dm. — I.eugth,  500  feet. 

Emma  Hill  tunnel. — Length,  900  feet. 

Victoria  tunnel. — Length,  900  feet.  Used  to  work  the 
Victoria,  Imperial,  Emma  May,  and  Alice  mines.  These 
have  a  large  amount  of  cuttings,  have  shipped  considerable 
ore,  and  are  being  worked  upon  lease. 

Christiana  tunnel,  blown  as  the  Oneida. — Length,  250 
feet. 

Brewer  <t  Laphan  tunnel. — Length,  150  feet.  Located 
to  develop  the  Darlington  mine. 

Lady  Esten  tunnel. — Length,  300  feet.  Owned  by  the 
Equitable  Tunnel  &  Mining  Co. 

Iris  Tunnel  Co. — This  was  a  San  Francisco  company 
which  began  work  in  the  spring  of  1872  and  failed  in  the 
autumnof  1877.  having  spent  about  8100,000,  Thetnnnel 
was  taken  by  one  of  the  creditors  for  debt.  The  property 
consists  of  eight  locations  and  two  sites  on  Emerald 
Hill.  *  *  \ 

Tho  Etna.  St.  Joseph,  Wasatch,  Silver  Belt,  and  Roths¬ 
child  tunnel  sites  are  of  varying  lengths  and  have  all  been 
abandoned. 

Besides  the  tunucls  above  mentioned,  there  are  many 
others  having  more  or  less  development. 

BIO  cottonwood  district. 

The  Big  Cottonwood  district,  organized  July 
11,  1870,  is  in  Big  Cottonwood  Canyon,  in  Suit 
Lake  County,  north  and  east  of  tho  Little  Cot¬ 
tonwood  district,  and  is  bounded  by  the  sum¬ 
mits  of  the  ranges  on  each  side  of  tho  canyon. 
Most  of  the  mines  are  on  the  southern  ridge. 
Since  the  earliest  days  most  of  tho  ore  has  been 
hauled  bv  wagon  down  the  canyon  to  Sandy, 
at  present  a  station  of  the  Denver  &  Rio  Grande 
and  Los  Angeles  &  Salt  Lake  railroads,  or  di¬ 
rectly  to  the  smelters  and  samplers  in  that 

vicinity. 

Tho  Mnxficld  mine  is  on  the  north  side  of  Big 
Cottonwood  Canyon,  1*4  miles  east  of  Sandy  and 
a  quarter  of  a  mile  from  Argeutn,  which  in  the 
seventies  was  the  principal  mining  camp  of  the 
district.  During  1 SS0,  according  to  Huntley,1  it 
produced  about  90  tons  of  leud  ore,  containing 

1  Huntley,  D.  D.,  op.  cit.,  p.  -128. 
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30  to  100  ounces  of  silver,  which  was  sold  for 
84,518.  The  value  of  the  product  prior  to  1880 
was  roughly  estimated  at  §20,000.  No  records 
of  the  total  quantity  of  silver  and  lead  pro¬ 
duced  from  the  mine  are  available,  but  §1,- 
053,000  would  cover  3  the  total  yield  to  the  end 
of  1906.  Since  1906  lessees  have  produced 
some  lead  ore  each  year.  The  total  dividends 
paid  by  the  Mnxfield  Co.  amounted  to  SI  IS, 000. 
The  mine  was  pumped  out  early  in  1915.  In 
1916  ore  was  produced  from  the  lower  levels 
and  prospecting  was  being, done  on  tho  tunnel 
level. 

On  the  south  side  of  Cottonwood  Canyon, 
between  Honeycomb  and  Silver  Forks,  2  V 
miles  northeast  of  Alta,  is  the  Prince  of  Wales 
group,  consisting  of  tho  Ajitelope,  Prince  of 
Wales,  Wandering  Boy,  Highland  Chief,  Well¬ 
ington,  and  Warrior  claims.  All  wore  dis¬ 
covered  about  1870.  The  Prince  of  Wales 
group  is  credited  with  a  production  of  10,121 
tons  of  ore8  to  the  end  of  1890.  Since  that 
time  a  very  little  has  been  produced  by  lessees, 
who  in  1909—1911  shipped  ore  containing  0.01 
ounce  of  gold  and  90  to  144  ounces  of  silver  to 
tho  ton,  1.25  to  3.75  per  cent  of  copper,  and 
12  to  21  per  cent  of  lead.  In  1915  lessees 
opened  the  ore  body  on  the  lower  tunnel  level, 
and  in  1916  and  1917  ore  was  extracted 
above  this  level.  Assays  made  on  shipments 
in  1879  show  the  lead  to  hnvo  averaged  between 
25  and  48  per  cent  and  the  silver  between  61 
and  224  ounces  to  the  ton. 

The  total  value  of  the  ore  produced  from  the 
Prince  of  Wnles  group  between  1S70  and  1890, 
including  a  few  shipments  since,  is  variously 
estimated  from  §1,012,000  to  §2,000,000. 

The  Richmond  and  Theresa  claims,  south 
of  the  Prince  of  Wales,  produced  lead-silver  ore 
valued  at  8150,000  to  the  end  of  1880.  The 
Reade  and  Benson  claims  are  often  mentioned 
in  early  reviews  ns  producers  of  rich  ore. 
Subsequently  these  and  other  claims  in  the 
vicinity  were  incorporated  into  tho  Kennebec 
group,  whoso  record  ns  a  producer  was  not 
important.  The  total  product  to  1SS0  is 
placed  at  §600,000. 

The  Opbir,  discovered  in  1870,  produced 
about  830,000  worth  of  oro  to  1S80. 

The  mines  of  the  Kessler  Mining  Co.,  later 
purchased  by  the  Carbonato  Co.,  arc  estimated 

»  piTTcnal  slaletncnt  ol  A.  I,.  Thomas,  Jr.,  Salt  Lake  City. 

•  Compile*!  from  reports  of  Director  ol  Mint  ond  commissioners, 
ISTP-ISUO, 
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to  lift vo  produced  ore  valued  at  about  8380,000 
previous  to  1880. 


Other  in i lies  active  in  tho  district  previous 
to  1880  are  mentioned  by  Huntley  as  follows: 


Mine. 

Total 
length  nf 
openings. 

Total 

product 

Remarks. 

Fret. 

m 

$10, 000 

Ore  assays  50  ounces  silver,  35  per  cent  lead,  and  $3 

500 

2,000 

gold. 

Ore  assays  60  to  100  ounces  silver  and  40  to  00  per  cent 

700 

Small. 

lead. 

Veius  small. 

300 

*840 

A  few  hundred  feel  <  I  cuttings.  Worked  irregularly 
for  two  other  yearn. 

Property  in  litigation. 

Imperial  Mining,  Milling  ft:  Smelling  Co. 

1,400 

Small. 

25, 000 

a  Daring  1*80. 


AMERICAN  FORK  DZSTRICT. 

Tho  American  Fork  district,  nt  the  head  of 
American  Fork  canyon,  was  organized  July  21, 
1S70,  and  lms  an  nrea  of  0  square  miles.  The 
mining  town,  called  Forest  City,  was  18  miles 
from  tho  town  of  American  Fork.  Tn  later 
years,  since,  tho  decline  of  the  Miller  mine,  the 
district  has  yielded  only  a  smaJ  production. 

Tho  following  notes  are  abstracted  from 
Huntley’s1  review  of  the  conditions  in  1880: 

Tho  Miller  mine,  formerly  the  principal  mine  of  the  dis¬ 
trict,  was  discovered  in  September,  1870,  and  was  sold  the 
following  year  for  $120,000  or  over.  The  Sultana,  smelter 
(three  slacks)  was  erected  in  1871-72  and  ran  irregularly 
until  the  spring  of  1875.  In  1871-72  a  narrow-gage  rail¬ 
road  wo s  built  up  the  canyon  to  within  4  miles  of  the 
smelter,  and  25  stone  charcoal  kilns  wore  constructed, 

'  Eunltsy,  D.  B.,  op.  dt.r  p.  441. 


The  ore  bodies  gave  out,  and  the  company  shut,  down  the 
mine  in  1870,  since  which  time  it  bus  been  worked  only 
on  lease.  Tho  charcoal  kilns,  which  were  of  the  beehive 
pattern  aud  held  about  25  cords  each,  ran  almost  con¬ 
tinuously  from  1872  to  1877,  making  coal  for  the  Salt  Lake 
smelters.  Tho  track  was  taken  up  in  1878  aud  tho  iron 
sold.  Tho  bottoms  o:  the  old  furnaces  were  torn  up  to 
get  tho  large  amount  of  load  contained  in  them,  and  the 
old  slag  dumps  were  profitably  picked  over  four  times  U> 
find  scraps  of  lead,  unreduced  ore,  and  matte.  Estimate# 
of  the  total  product  and  the  average  grade  of  the  ore  of  the 
Miller  mine  range  from  13,000  to  15,000  tons,  swaying 
from  40  to  54  per  cent  lead,  from  30  to  47  ounces  ofsilver, 
and  from  $2  to  $10  gold.  (8ee  also  pp.  263-265.) 

The  Wild  Dutchman  mine  is  a  quarter  of  a  mile  east  of 
Forest  City.  It  was  discovered  in  1872  and  sold  to  tho 
Omaha  Smelting  &  Refining  Co.  of  Nebraska,  who  worked 

|  it  until  September,  1876,  when  it  was  leased,  (See  ak> 
p.  203  ) 

I  Otbor  mines  of  the  American  Fork  district  are: 


Mine. 


Pittsburg. 


Sunday  ... 
Silver  Hell. 


Excelsior  Silver  Mining  Co.,  . 

Utah  Consolidated  Mining  Co. 

Queen  of  the  West . 

<  >rphan . . . . . 

Live  Yankee  aud  Mary  Ellen. 


Treasurer . . 

Silver  Dipper. .. 

Whirlwind . 

N  on  compromise. 
Hudson . 


Total 
length  of 
openings. 


Feet. 

1, 183 

300 
a  120 


1.000 


•175 

600 

1,000 

400 


Total 
product  to 
1SSO. 


2,000  tons. 


$17,000 . 

130  tons  o:  100- 
ounce  ore. 


Remarks. 


Ore  assays  13  ounces  silver,  4 1  per  cent  lead,  and  $2 
gold. 


250  tons. 
600  tons. 


A  few  tons. 


$3,000. . 
*15,000. 
None... 


-j  Ore  argentiferous  galena,  assaying  CO  ounces  siber 
and  60  per  cent  lead  and  ft  trace  of  gold. 

Seven  claims.  Several  hundred  feet  of  develop¬ 
ments. 

In  1874  $28,000  taken  from  ono  pocket. 

Ore  assays  60  ounces  silver  aud  40  per  cent  lead. 

Ore  formerly  assayed  18  ounces  silver,  7  per  cent 
lead,  and  $1  gold. 

Ore  assayed  85  ounces  silver  and  some  lead. 

Ore  assuys  10  to20ouuccs  silver  and  40  per  centkaa. 

Ore  asnyed  10  ounces  silver. 

An  extension  ol  the  Pittsburg 


11  lucllno,  nits  soniu  tunneling  work. 
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After  the  closing  of  the  Miller  mine  in  1S76 
cessment  work  was  performed  yearly  and 
some  ore  produced  and  shipped.  In  1004  a 
body  of  ore  was  found  in  the  Miller  mine,  which 
during  the  next  few  years  yielded  metals  to  the 
mine  of  several  hundred  thousand  dollars,  but 
since  1907  the  output  has  declined. 

PRODUCTION. 

Hy  V.  C.  IT  kikes. 

little  and  big  cottonwood  districts. 

TOTAL  PllODUCTION. 

The  Little  Cottonwood  district  has  yielded 
production  of  metal  annually  since  1867  and 
may  bo  expected  to  continue  productive  for 
many  years  to  como.  No  complete  records 
were  kept  of  the  annual  production  in  the 
early  days,  but  enough  data  to  make  very  close 
estimates  possible  are  found  in  the  statistical 
reports  on  mines  and  mining  in  the  States  and 
Territories  west  of  the  Rocky  Mountains  for  the 
years  1867  to  1876.  Between  1875  and  1880 
statistics  were  notcorapiled  by  tire  Government, 
and  for  these  years  the  figures  in  the  mining 
journals  and  the  Salt  Lake  Tribune  are  used. 
The  operations  and  statistics  of  many  of  the 
most  prominent  producers  from  1870  to  18S0 
were  obly  reviewed  by  D.  B.  Huntley.1  During 
the  succeeding  years  the  reports  of  the  Director 
of  the  Mint  give  fragmentary  figures  until  the 
year  1001,  and  the  statistics  from  that  year  to 
the  end  of  1017  have  been  compiled  by  the 
United  States  Geological  Survey. 

In  recent  years  (1901-1917)  the  most  im¬ 
portant  producers  in  the  Little  Cottonwood 
district  have  been  the  Wasatch  Mines  group, 
which  include  the  Columbus  Consolidated 
group  and  the  Flagstaff:  the  Continental- 
Alta,  reorganized  as  the  Unity  and  Inter  as  the 
Michigan -Utah  Mining  Co.  (includes  the  early 
producing  claims  known  ils  the  Darlington, 
Grizzly,  Regulator,  aud  Lavinia);  the  City 
Rocks,  now  part  of  tho  Miehigan-Utoh  group 
(includes  the  Utah,  an  early  producer);  the 
South  Ileclu  (includes  the  Alta  Hecla,  South 
Columbus,  and  Wedge) ;  the  Emma  Consoli¬ 
dated;  the  Columbus-Resall,  and  the  Sells. 

Rr  the  Big  Cottonwood  district  very  few 
Properties  have  in  recent  years  produced  any 
°ro.  The  more  productive  have  been  the  Block 


Bess  group  of  the  Michigon-U tali  Mining  Co., 
tho  Muxlicld,  and  the  Cardiff,  which  in  the  last 
lew  years  has  been  the  largest  producer  in  the 
region. 

It  is  impossible  to  segregate  the  production 
of  the  Big  and  Little  Cottonwood  districts,  and 
all  the  available  statistics  have  been  combined 
in  the  tables  below. 

J.  R.  Browne1  refers  to  the  operation  (iu  1S67) 
of  two  small  furnaces  in  Cottonwood  Canyon. 
These  furnaces  were  under  construction  in  1866, 
according  to  the  Daily  Union  Vedette  of  August 
25,  1S66,  and  in  September  they  began  pro¬ 
ducing  lead,  which  evidently  was  lost  in  slag 
and  cinders  (Vedette,  Ort.  26,  1S67)  and  recov¬ 
ered  in  1S67  by  a  German  metallurgist  named 
Reese  under  the  supervision  of  A.  A.  Hirst,  who 
had  reconstructed  the  works  for  treatment  of 
North  Star  ores.  According  to  R.  W.  Ray¬ 
mond1'  tho  first  efficient  smelter  (a  cupola), 
erected  by  Woodhull  Bras.,  7  miles  south  of 
Salt  Lake  City,  began  to  operate  in  Juno, .1870, 
producing  5,000  pounds  of  bullion  in  36  hours. 
Most  of  the  ore  was  from  tho  Monitor  and 
Magnet  .claims.  Shipments  of  ore  from  the 
Emma  mine  (located  August,  1868)  begun  in 
June,  1870,  and  pp  to  December  31,  1S70, 
Walker  Bros,  had  shipped  4,200  tons  of  ore 
(mostly  from  the  Emma,  with  an  average  assay 
of  35  per  cent  of  lead  and  $182  in  silver  to  the 
ton).  f 

Lead  bullion  shipments,  mostly  from  Cot¬ 
tonwood  ores,  were  2  tons  to  England  and  6$ 
tons  to  San  Francisco.1  In  the  full  of  1870 
mining  locations  in  the  Big  Cottonwood  dis¬ 
trict  (tho  Davenport,  Theresa,  Wandering  Boy, 
Maxficld,  and  Prince  of  Wales)  had  each  yielded 
some  ore  for  shipment/  On  tho  Little  Cotton¬ 
wood  side  the  Emma  mine  had  produced,  up 
to  August,  1871,  10,000  to  12,000  tons  of  ore, 
which  assayed  100  to  216  ounces  of  silver  to  the 
ton  and  from.  30  to  66  per  cent  of  lead,  averag¬ 
ing  160  ounces  of  silver  and  from  45  to  50  per 
cent  of  loud.  The  total  value  of  tho  ore,  at  tho 
cash  price  paid  for  it,  a  large  part  of  it  at  Liver¬ 
pool,  was  about  82,000,000.°  The  Flagstaff 
mine,  up  to  April,  1871,  had  yielded  over  80 
tons  of  shipping  ore. 

•  Mineral  rvxjuraa  o f 111#  SHS<*  juw!  TnriMfct  west  of  the  Rocky 
Mountain*  for  ISi",  p.  OW,  18G.S. 

» Idem  for  1870,  p.  221, 18«. 

•  Idem  for  1872,  p.  318,  1878. 

•  Idem,  p.  321. 

•  Idom,  p.323. 


1  Hunlley,  P.  B,,  op.  eit.,  pp.  823-WO. 


Gold,  silic 7,  copper,  lend,  arid  zinc.  produced  in  Big  and  Little  Cottonwood  mining  districts,  1SC7-19J7. 


to 

Cl 

o 


Period. 

Ore 

mined. 

Gold. 

Silver. 

Copper. 

1 

I, cad. 

Recoverable  zinc. 

Total 

value. 

Quantity. 

Value. 

Quantity. 

Value. 

Quantity. 

Value. 

Quantity. 

Value. 

Quantity. 

Value. 

18B7-1870 . 

Short  tons  . 
5.673 
1X1,790 
22, 615 
13,885 

Fine  ounces. 
59.90 
3,  585.  02 
5, 428.  90 
7,  581.  38 

$1.  240 
74, 109 
112,  184 
166,  721 

Fine  ounces. 
703, 138 
6,  259;  000 
883,034 
707,  731 

$933,  667 
7,  876,  458 
927,  886 
525, 144 

Founds.  1 

Founds.  \ 
6.  444,  800  j 
95,  201,  998 
14,  7S4. 900 
8,  457,  869 

$3S7,  048 

5, 450,  541 
662,  998 
323, 954 

Founds.  | 

$1, 321, 955 

1871-1880 . 

1S81-1890 . 

1891-1900 . 

1901 

1 

. I 

. 1 

i3, 401, 108 
1,703,068 
1,005,819 

935 
850 
1,977 
4,878 
20. 003 
20,  801 
19, 896 
5, 866 

13,  208 

14.  203 

161. 19 
146.  63 
85.24 
306.  30 
919.99 
762.05 
976.  93 
321,  36 
335.  72 
381.  87 

$3,  332 
3,029 
1,762 
0, 333 
19,  638 
15.  753 
20, 195 
6,643 
6, 910 
7,  89-1 

37,532 
34, 120 
69, 336 
100.  249 
371,  683 
345, 102 
399, 417 
63,246 
158,  867 
202,  010 

22.519 
18,084 
37,  4-11 
60,  828 

224,  490 
231,218 
263,615 

38. 520 
82,  611 

109, 085 

. .  I 

300,  298 
272.  999 
552,  483 

1, 190,005 

1,  702.  258 

1  932,  276 

2,  337.  924 
003,  8-10 
332,475 

1 ,  102,  007 

12,913 
11,193 
23, 204 
52,063 
80,006 
109,570 
123,  910 
25,302 
14, 296 
48,528 

. | 

$38,  764 
39,442 
76,417 
1-18,  703 
450,  750 
586,  933 
622, 568 
101,061 
343,400 
207,617 

1902  . 

1903  . 

1904  . 

1905  . 

190(1 . . 

1907  . 

1908  . 

1909  . 

1910  . 

1901-19100 _ 

58,  490 

102, 260 
235,  832 
811,  639 
1, 193.  743 
1,074.238  ! 

209,212 
1,  842,  711 
80-1,  018 

$7,136 
14,010 
29, 479 
126,  616 
230.  392 
214, 84S 
35,  580 
239,  553 
102, 110 

' 

. 

108,617 

4,  427.  24  | 

91,519 

1,  787,  562 

1,083,417 

6, 392,  143 

|  999, 680 

10, 317, 465 

501, 045 

2, 675,  661 

1911  . 

1912  . 

1913  . 

1914  . 

1915  . 

1910 . 

1917 . 

6, 040 
0,  560 

5, 107 
12,583 
24,  590 
41,960 
48,203 

139.  17 
142,  46 
112.  08 
372.  22 
430.  37 

1, 036.  90 
900.33 

2,877 
2,  945 
2,317 

7.  695 

8,  897 
21,  411 
18,  Gil 

158,418 
186,  183 
93, 821 
242, 825 
445,  111 
755,  980 
917,  512 

83,  978 
114,  503 
56,  668 
134,  282 
225,  671 
497, 435 
756,  030 

407,719 
386,  963  | 
136,  901 
214,  971 
834,  944 
819,  192 
1,  163,  084 

50,  965 
63, 8-19 
21,219 
28,  591 
58,  615 
201,  521 
317,522 

1,  043, 60S 
1,  135, 191 
1,091,617 
2,887, 109 
12,  263,  403 
15',  061,  273 
11,  927,  552 

46,  963 
51.08-1 
48,031 
112,  597 
576.  380 
1,039,  228 
1,  025,  770 

8.804 
229. 663 
60,  746 
21,  721 

! . 

449 
28,  478 
8,  140 
2,  216 

184,  783 

282,  381 
128,  235 

283,  614 
898,  041 

1,  767,738 
2. 120, 149 

1911-1917 . 

145, 109 

3,  132.  52 

04,  756 

2,  799,  880 

1,808,567 

3,  463,  774 

742,  282 

45,  409,  753 

2,  900,  054 

320,  934 

39,  283 

6.  614,  9-12 

1867-1917 . 

429,  495 

24,  213.  05  500,  629 

13, 140,345 

13,  215, 139 

9,  855,  917 

1,  741,  962 

|l80, 616,  785 

10,  225,  G40 

j  320, 93-1 

|  39, 283 

|  25,722,553 

a  Within  t  ho  period  covered  bv  this  total  the  Columbus  CorwoUdstwl  Co.  operated  its  concentration  mill  Irom  lW'i  to  lsil2,  inclusive,  producing  IS,  172  tons  ot  copper-lead  concentrates.  In  1'a'A  the  Conti¬ 
nental  Alta  produced  lead  concentrates,  uud  in  1910  some  copper-lead  concentrates  were  recovered  from  Columbus  Extension  ores. 
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Between  1S71  and  18<S0  the  largest  producers 
were  the  Emma  (largely  depleted  by  1873), 
Flagstaff,  North  Star,  Vallejo,  Joab  Lawrence 
Co.,  City  Rocks,  Grizzly  and  Lavinin,  Daven¬ 
port,  Savage  und  Montezuma,  Reade  &  Benson, 
and  Prince  of  Woles.  According  to  Huntley,1 
the  Emma  mine  had  yielded,  to  June  L,  1SS0, 
ore  aggregating  27,451  torts,  for  which  $2,637,- 
727  was  received.  The  rich  ore  bodies  of  the 
Flagstaff  mine  gave  out  in  December,  1873, 
having  produced  about  31,000  tons,  which 
probably  assayed  810  in  gold  and  60  ounces 
of  silver  to  the  ton  and  40  per  cent  of  lead  and 
which  sold  for  880  a  ton.  Between  1S74  and 
1879  about  69,000  tons  of  ore  was  produced  from 
the  Flagstaff,  probably  assaying  84  in  gold  und 
30  ounces  of  silver  to  the  ton  and  20  per  cent  of 
lead,  and  was  sold  for  830  a  ton,  aggregating 
from  tho  beginning  about  $4,550,000?  The 
Prince  of  Wules  and  Antelope  groups  of  claims 
were  discovered  about  1S70  and  bad  a  record  of 
producing  over  $1,000,000  to  the  end  of  lSSl? 
Subsequent  records  of  the  Prince  of  Wales  in  the 
reports  of  the  Director  of  the  Mint  to  IS90 
show  not  over  10,121  tons  of  ore  shipped,  aver¬ 
aging  probably  105  ounces  of  silver  to  the  ton 
and  30  per  cent  of  lead. 

The  Flagstaff  produced  between  1881  and 
1890,  the  Joab  Lawrence  or  Vallejo  and  City 
Rocks  almost  continuously  to  1891,  and  the 
Max  field  was  the  heaviest  shipper  in  the  years 
1384,  18S7,  1S8S,  and  1890.  In  1891  arfd  1S92 
tho  Maxfield  and  Flagstaff  were  the  principal 
producers.  Between  1891  and  1900  very  little 
or  no  mention  of  these  districts  was  made  in 
the  reports  of  the  Director  of  the  Mint.  The 
figures  given  in  the  table  are  differences  between 
the  known  output  of  the  other  districts  in  Salt 
Lake  County  and  tho  total  for  the  county  as 
given  by  the  Director  of  tho  Mint  in  tho  reports 
for  each  year. 

PnODUcnON,  BY  ORES. 

The  character  of  the  ores  produced  and  the 
average  metal  content  and  nverage  value  are 
shown  in  the  following  descriptions  and  tables. 

Dry  or  siliceous  ores. — Tho  dry  or  siliceous 
ores  shipped  to  smelters  from  tho  Big  and 
I-ittlo  Cottonwood  districts  comprise  gold  and 
silver  ores  carrying  copper  and  lend  sulphides 
too  small  in  amount  to  be  of  value.  Tho 
contributors  of  the  dry  or  siliceous  ores  in  1903 

1  B  intluy,  D.  8.,  op.  eft. ,  pp.423,  «4. 

42s. 

*  h.'TL.^torof  theM  iut  upon  production  of  precious  metal*,  I.SS4, 
ft  «1, 1S85. 


and  1909  were  the  Scottish  Chief,  Dipper,  Big 
Milt,  Columbus  Extension,  Noah,  Red  BcLk 
Alta  Michigan,  Alta  Utah,  Old  Emma,  Alta 
Wasatch,  and  Morning  Star. 


Silirmv*  ore,  with  avenute  mcUtllir.  eontmt,  produced  hi  Big 
nnd  I  Attic  Cnltcflwcood  district*  arid  shipped  to  $  welters 
IMS,  JM9,  29I4-M17. 


Year. 

Ore 

(short 

tons) 

Gold 

(value 

per 

ton). 

1  Silver 
(ounces 
per 
ton). 

Cop¬ 

per 

(per 

cent). 

1  ) 

Load 

(Per 

cent). 

1  Aver¬ 
age 
gross 
Value 
per 
ton. 

1003 . 

104 

$0.79 

22.00 

1.63 

$14. 10 

190!) . 

10 

36.80 

.90 

1  17 

40.  20 

10  M . 

1913 . 

67 

None. 

3.09 

4.84 

I.  54 

1.95 

8.94 

19U! . 

3S 

.84 

2.47 

1.34 

1.93 

11.71 

1917 . 

0, 120 

.17 

41.26 

.12 

3.  13 

1  40.  1!) 

Copper  ore  and  concentrates. — The  copper 
ores  and  concentrates  include  those  can-vine 
over  2.5  per  cent  of  copper,  Shipments  were 
made  most  frequently  by  the  City  Rocks, 
Columbus,  und  Cardiff  properties,  and  less 
frequently  by  the  Wnsatoh-Utah,  Alta  Hec.Ia, 
South  Col umbas,  South  Ilecla,  West  Columbus, 
Blue  Point,  Copper  Apex,  Mountain  Lake, 
Iowa,  Consolidated  Jefferson,  Columbus  Ex¬ 
tension,  White  Captain,  Alta  Emerald,  Car¬ 
bonate,  Morning  Star,  Big  Cottonwood,  Great 
Western,  South  Ilecla  Extension,  Evergreen, 
Woodlawn,  Coliimbus-Rcxnll,  and  Alta  Con¬ 
solidated. 

Copper  ore  arid  concentrates,  with  average  metallic  content, 
produced  in  the  Big  and  Little  Cottonwood  districts  and 
shipped  to  smellers,  190.1-1917. 


Crude  ore. 


Year. 

Quan¬ 

tity 

(.short 

tons). 

Gold 

(value 

per 

ton). 

Silver 

(ounce? 

per 

ton). 

Cop- 

K 

cent). . 

head 

(lier 

cent). 

Aver¬ 

age 

gross 

value 

per 

ion. 

1903 . 1 

30 

$2.40 

32. 10 

11.00 

1.25 

850.17 

1<MM 

30 

.70 

23. 60 

14. 15 

60.60 

1 

2  71 H 

4  22 

67. 29 

6.41 

1.54 

66.70 

1906 . 

z,m 

2.04 

44.06 

6  93 

2.  68  1 

61.70 

1907 . 

207 

1.  14 

13.61 

8. 03 

3. 16 

48.  S3 

1908 . 

214 

20. 83 

11.05 

4.42 

1.  16 

39.69 

1909 . 

9, 907 

.64 

12.21 

8.22 

.03 

23. 30 

1910 . 

2,463 

1.49 

24.79 

9.05J 

.08 

37.91 

1911 

1  1,356 

.05 

26. 72 

7.85 

34. 43 

1912 . 

'813 

.68 

20.89 

6. 27 

38. 96 

1913 . 

328 

.53 

35.  68 

6.70 

42.84 

1914 . 

105 

.61 

58.  5-1 

7.75 

53.60 

1915 . 

134 

1.19 

20.  58 

0. 14 

.  35 

43.  95 

1916  .  . 

170 

1. 12 

2  54 

6.01 

32  37 

1917 . 

3,374 

.87, 

9.64 

7.23 

48.29 

Onecm  rates. 


1909 . 

152  1 

0.36 

!  13.54  | 

9.67  !.... 

..[  32.55 

1911 . 

8 

|  10,62  1 

1  1.87  j 

7.90  .... 

81.37 
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Lead  ore  and  concentrates. — In  general  the 
ci*ude  lead  ores  and  concentrates  are  those  con¬ 
taining  over  4.3  per  cent  of  lead.  Shipments 
were  made  most  frequently  during  the  last 
decade  by  tho  Muxfiold,  Columbus,  Emma, 
Albion,  Goleomla,  CurdilT,  and  I'  lagstnff,  and 
less  frequently  by  tho  North  Star,  Caledonia, 
Cabin,  Silver  King,  Alta  Consolidated,  Michi- 
gan-Utah,  Carbonate,  South  Hccla,  Sells,  Con¬ 
tinental  Alta,  City  Rocks,  Columbus  Wedge. 
Black  Bess,  Columbus  Extension,  Reed  Peak, 
West  Toledo,  Hayes,  Scottish  Chief,  Phoenix, 
Copper  Apex,  Carbonate,  Silver  Mountain, 
South  Columbus,  Frederick,  Progress,  East 
Columbus,  Baby  McKee,  Prince  of  Wales, 
Wasatch  Mines,  Alta  Hecla,  Howell,  Alta- 
Tigcr,  Democrat,  Woodluwn,  Peruvian,  and 
Highland  Chief 

Leal  ore  and  enneevtratm,  vith  urcrage  metallic  cnmUnt. 
produced  in  Big  and  Little  Cottonwood  district*  and  shipped 
to  smelters,  1003-1917. 


Copper-lead  an  and  concentrate i.  vith  are rape  tro  tnllic  content 
prndur.  d  in  Big  and  Little  Cottonwood  districts  and  shipatil 
to  smelters,  1003-1017.  *** 


Cmdo  ore. 


Year. 

Quan¬ 

tify 

(nhort 

tons). 

Gold 

(value 

per 

ton). 

Silver 

(ounces! 

per 

ton). 

Cop¬ 

per 

(per 

cent) 

I/cad 

(per 

cent). 

1  Aver¬ 
age 

grty® 

value 

per 

ton. 

1903 . ' 

860 

$0. 82 

16.60 

3.  40 

15.  40 

,332. 04 

1904 . 

844 

.83 

IS.  11 

4.  23 

7.  20 

2$.  10 

1905 . 

112 

.  55 

16.  37 

,4.  35 

10.  73 

34.20 

1906 . 

4  338 

1.06 

31  6S 

4.  98 

8.  66 

51.68 

1907 . 

7.413 

2.05 

38.  49 

4.  93 

6.  48 

54.00 

1908 . 

1,  149 

.66 

18.93 

6.  .16 

6.57 

33.54 

1909 . 

857 

.94 

25.  75 

6.  58 

8.65 

38.88 

1910 . 

1.961 

.66 

31.32 

5.09 

9.36 

39. 18 

1011 . 

1  l>0 

.33 

4  4.  56 

5.  29 

13.  86 

49.64 

1912 . 

2,093 

.80 

31.09 

4.05 

11.00 

43. 19 

1913 . 

890 

.77 

25.  65 

4.  51 

8.93 

38.09 

1914 . 

727 

.39 

1  2,8.  06 

4.  40 

9.  73 

35. 34 

1915 . 

204 

.22 

38.  01 

6.  24 

9.50 

50.28 

1916.  . . 

7,  168 

.36 

13.  63 

2.  65 

6.61 

31.56 

1917 . 

486 

.47 

27.74 

5.  12 

10.  73 

69.81 

Concenlnten. 


Crudo  ore. 


Copper-lead  ore  and  concentrates. — Copper¬ 
load  ore  and  concentrates  aro  classified  in  the- 
same  way  as  copper  and  lead  ores.  Shipments 
wero  made  most  frequently  during  the  last 
decado  by  tho  Columbus,  Continental  Alta, 
South  Columbus,  City  Rocks,  Alta  Consoli¬ 
dated,  Michigan-Utah,  Prince  of  Wales,  Copper 
Apex,  Gvpsy  Blair,  Caledonia,  Columbus  Ex¬ 
tension,  Wasatch  Mines,  Alta  Utah,  Colurabus- 
Rexall,  and  Henefer. 


Year. 

Quan¬ 

tity 

(short 

tons). 

Gold 

(value 

per 

ton). 

Silver 
(ounce • 
per 
ton). 

Cop¬ 

per 

(per 

ceul). 

Load 

(per 

cent). 

Aver¬ 

age 

gross 

value 

per 

ton. 

1903 . 

977 

$1.03 

55.50 

2.51 

16.41 

851.67 

1904 . 

2,  975 

1.  84 

28.  28 

2.30 

16.  49 

38.31 

1905 . 

6,  724 

.88 

14.  56 

.84 

25.  02 

85. 91 

1906 . 

558 

2.  59 

19.  98 

.75 

16.  04 

37.35 

1907 . 

1,  708 

.96 

17.  27 

1.  13 

16.  38 

34.24 

1908 . 

637 

.97 

23.  66 

.82 

16.  17 

29.25 

1909 . 

191 

.  70 

28.30 

1.71 

25  11 

41.44 

1910 . 

•*47 

.70 

38.83 

.10 

15.  82 

36.62 

1911 . 

2, 213 

.53 

28.58 

1.04 

15  53 

32.25 

1912 . 

I.  U  15 

.  32 

40.  35 

1.94 

15  12 

44.82 

1913 . 

3,918 

.37 

15.  12 

.16 

11  37 

20.  15 

1914 . 

1,607 

.61 

18. 30 

.  53 

11.  82 

21.37 

1915 . 

23,  720 

.37 

18.  29 

.59 

25  75 

35.94 

1916 . 

32,368 

.52 

20.  13 

.62 

21.  43 

46.  34 

1917 . 

35,185 

.39 

11.06 

.86 

la.  93 

44. 16 

1 

Conccnlralcti. 

1905 . 

2.763 

$0.  13 

11.44 

1  41 

4.88 

$16.  10 

190-1 . 

27.5 

$0.37 

22.  2S 

3.  45 

15.  93 

S35. 82 

1905 . 

2,  956 

3.  ‘219 

1  44 

27.  89 

4.  38 

10.  31 

41.83 
37.  SO 

1906 . 

.73 

11.  57 

3.90 

12.41 

1 907 . 

3,216 

.97 

25.  10 

4.  23 

12.  51 

47.72 

1908 . 

1,060 

.69 

20.  95 

4.  04 

10.  27 

31.08 

1909 . 

438 

.  56 

IS.  13 

7.50 

9.  32 

37.49 

1910 . 

2, 152 

.34 

28.  89 

3.60 

13.27 

36.  75 

1911 . 

291 

.26 

31. CO 

1  o.  04 

7.  8S 

36.39 

1912 . 

426 

.05 

35  23 

7.06 

10  19 

64.19 

1915 . 

!  21 

.52 

23.76 

4.  90 

7. 13 

36.48 

Zinc  ore.— There  is  zinc  oro  of  shipping 
grade  in  the  Carbonuto  mine  in  the  Big  Cotton¬ 
wood  district  and  in  t  he  Wasatch  mines  at  Alta. 
Shipments  were  made  from  the  former  in  1916. 
Lessees  on  the  Albion  dump  at  Alta  have 
shipped  some  zinc  concentrates.  The  output 
shown  below  came  largely  from  the  Carbonate 
mine.  The  Columbus-Rexull  and  Wasatch 
mines  each  produced  a  carload  in  1915. 

Lead-zinc  ore..— Lead-zinc  ore  was  shipped 
in  small  quantity  from  the  Aibion  in  1917  and 
from  tho  Woodluwn  in  1915  and  1916. 

Zinc  ore,  with  average  metallic  ran  ten  l  produced  in  Big  and 
Little  Cottonwood  districts  and  shipped  to  smelters,  1914- 
1917. 


Year. 

Quan¬ 

tity 

(short 

tuna). 

Silver 

(ounces 

per 

ton). 

Lead 

(per 

cent). 

Recov- 1 
erable  | 
zinc 
(per 
cent).  1 

1911 . 

17 

437 

Ol 

_ •_ 

1  £883 
|  8S3S 

1015 . 

1916 . 

6.  91 

2.0S 

1917 . 

. 

Aver¬ 

age 

giwa 

value 

per 

too. 

$26.41 

63.74 

70.63 

53.55 
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DIVIDENDS. 

Dividends  aggregating  several  million  dollars 
are  reported  to  have  been  paid  to  stockholders 
by  mining  companies  operating  in  the  Little 
Cottonwood  and  Big  Cottonwood  districts. 
Some  of  the  published  statements  follow,  but 
many  of  them  are  discredited  by  old  residents, 
who  say  that  the  early  managements  were 
very  expensive.  Raymond  1  gives  a  state¬ 
ment  furnished  by  N.  M.  Maxwell,  superin¬ 
tendent  of  the  Flagstaff  mine,  as  follows: 

The  product  of  tho  Flagstaff  furnaces  during  1872  \vaa 
3,000  Iona  of  metal,  containing 


Silver . $'190,000;  average  per  ton,  $130 

Gold .  120,000;  average  per  ton,  10 

Lead .  2-10,000;  average  per  (on,  SO 


750,000 

The  capital  of  the  company  is  £300,000,  on  which  30 
per  cent  in  dividends  have  been  paid  during  the  last 
three  months  and  2-1  per  cent  during  those  preceding,  the 
total  amount  of  dividends  paid  being  £78,000. 

In  a  later  report 2  Raymond  says: 

This  splendid  mine  has  produced  during  1873,  accord¬ 
ing  to  the  directors’  report,  15,000  lous  of  ore  of  an  average 
value  of  $54  per  Ion  in  the  ore  market.  The  same  report 
eaya  the  expenses  for  mining  ought  to  have  been  $5, 
hauling  $8,  establishment  charges  $-1,  total  $17,  leaving 
$37  profit  per  ton.  Yet.  there  was  uot.  only  no  profit  made, 
but  in  tho  fall  the  company  wtis  very  heavily  jn  debt  and 
the  value  of  shares  depredated  rapidly  in  London. 

According  to  Huntley,3  who  reviews  con¬ 
ditions  in  tho  district  up  to  October,  18S0, 
the  Emma  mine,  worked  by  English  managers, 
paid  8300,000  in  dividends  (one  authority  says 
?  1,300, 000)  until  September,  IS74,  when  it 
was  attached  for  an  indebtedness  of  8300,000. 
It  was  then  idle  until  October,  1877.  Tho 
Flagstaff  mine,  when  owned  hy  the  English 
company,  paid  dividends  that  amounted  to 
about  8350,000. 

From  all  available  data  the  dividends  paid 
by  tho  mining  companies  in  tho  Little  and 
Big  Cottonwood  districts  to  the  end  of  1917 
aro  as  follows:  Emma,  8300,000;  Flagstaff, 
8350,000;  Columbus  Consolidated,  8212,623; 
Vallejo  and  Titus  (Joab  Lawrence),  8180,000; 
Maxfield,  8118,000;  Cardiff,  8625,000;  South 
Hecla,  $39,450.  If  8700,000  is  estimated  to 
cover  the  dividends  realized  from  other  prop- 

1  Raymond,  R.  \Y.,  Statistics  o!  mines  and  mining  in  tbo  Suites  and 
“etritoric*  west  of  tho  Rocky  Mountains  for  1872,  p.  217,  IS73. 

jldota  lor  1873,  p.  260,  4874. 

*  Huntley ,  D.  B.,  op.  cit.,  p.  423. 


erties,  including  the  Prince  of  Wales,  the 
total  dividends  exceed  82,500,000. 

AMERICAN  FORK  DISTRICT. 

The  Ame.riean  Fork  district  was  organized 
July  21,  1870,  but  work  was  not  commenced 
to  any  extent  on  the  mining  claims  until  the 
fall  of  that  year.  Tho  Miller  mine,  discovered 
in  September,  1870,  was  tho  principal  pro¬ 
ducer.  In  1871-72  tho  Sultana  smelter  was 
built  for  the  reduction  of  Miller  oro  and  ran 
irregularly  until  the  spring  of  1S75.  The 
Miller  ore  bodies  gave  out  and  tho  mine  was 
closed  in  December,  1S76.  It  was  in  the  hands 
of  lossees  at  different  periods  to  the  end  of  1880. 
D.  B.  Huntley  4  estimates  the  production  of 
oro  from  the  Miller  mine  to  the  end  of  1SS0  be¬ 
tween  13,000  and  15,000  tons,  assaying  from  40 
to  54  per  cent  of  lead  and  30  to  47  ounces  of 
silver  and  82  to  810  in  gold  to  tho  ton.  In  1S72 
the  Wild  Dutchman  mine  was  discovered  and 
worked  hy  tbo  company  until  September,  1876, 
when  it  was  leased.  Its  total  production  to 
1S80  was  estimated  at  7,900  tons  of  ore, 
averaging  45  ounces  of  silver  to  the  ton  and 
40  per  cent  of  load.  Tho  Pittsburgh,  Sunday, 
Silver  Bell,  Orphan,  Queen  of  tho  West, -Live 
Yankee,  Whirlwind,  Noncompromise,  and,  in 
the  Silver  Lnke  section,  tho  Milkmaid  and 
Wasatch  King,  were  producers  prior  to  1SS0. 

During  the  period  1SS1-1S90  development 
work  was  done,  hut  very  little  ore  was  shipped, 
probably  not  averaging  over  100  tons  a  year. 
The  aggregate  shipments  of  tho  Bollerophori, 
Live  Yankee,  Milkmuid,  Miller,  Silver  Bell, 
Sultana,  Wild  Dutchman,  and  E.  II.  Bailey  &  Co. 
in  1SSG  amoiuitcii  to  80^  tons.5 

In  1891  tho  Wild  Dutchman,  North  Star, 
Kalamazoo,  and  Live  Yankee  properties  yielded 
an  aggregate  of  100  tons  of  ore.®  Estimates 
were  made  for  tho  remaining  years  of  this 
decade,  and  it  is  presumed  that  the  average  ore 
yield  was  not  greater  than  in  1891. 

For  the  period  1902  to  1917,  inclusive,  tho 
figures  of  production  were  collected  by  the 
Survey;  those  for  the  year  1901  are  estimated 
from  the  best  records  available. 

The  total  ore  mined  between  1870  and  1SS0 
is  estimated  at  39,950  tons;  ISS1-1S90,  990 
tons;  1891-1900,  1,000  tons;  and  1901  to  1917, 
22,277  tons,  making  the  total  output  of  ore 

‘Idem.,  p.  44J. 

t  Director  of  the  Mint  fiopt.  upon  production  of  pre.-lou.-  mctols,  ISS8, 
p.  224, 1SS7. 

•Idem,  1891,  p.»4,lS92. 


Guld,  silver,  cupper.  Inn},  and  cine  produced  in  American  Fori:  district,  lS7(r-l'.U 


ixgllu. 


ToUtl  vuluo 


Quantity 


Quantity. 


Quuulity 


Fine  ounces, 

3.116. 10 


Pounds. 
14, 868.  000 


1870-1880 

1881-1890 

180J-J5/00 


1870-1917 


732 

3,508 

73 

603 

440 

1,872 

10,537 

18,880 

20, 894 

27,  740 

43,  345 

47.  81 1 

72, 017 

93,  551 

15,411 

04,840 

2,  587 

3ft,  821 

3,  785 

34,204 

1,634 

2,010 

632 

1,425 

1,013 

895 

2,004 

9,441 

11,172 

6,  609 
4,189 
8,  039 
48, 360 
35,021 

10,113 

122,831 

Value. 

Qilnnl  il \ 

$1,688,542 

Founds 

Kocnvemble  atinr. 

Quantity. 

Value,  j 

Pounds. 

:::::::::::: 

$84,415  , 

Fine  ounces. 
1.  377,000 

10,890  | 

32,  475 

’  4,  134  I 

22,000 

ORE  DEPOSITS 


WASATt'ir  flAXO 


64.217  tons.  This  figure,  used  in  seeking  the 
uve rage  of  the  ore  produued,  gave  Si. 41)  in  gold 
and  20.43  ounces  of  silver  to  the  ton  and  23.05 
percent  of  lead,  and,  in  value,  including  small 
quantities  of  copper  and  zinc.,  360.73  to  the 
ton. 

ORE  DEPOSITS. 

•  By  B.  S.  Buti.kii. 

DEVELOPS!  EXT. 

As  in  most  other  mining  districts,  the  earliest 
development  work  on  the  ore  bodies  consisted 
in  following  them  down  with  shafts  or  inclines. 
The  largo  flows  of  water  frequently  encountered 
at  relatively  shallow  depth,  the  heavy  cost  of 
pumping,  and  tho  strong  relief  of  tho  region, 
however,  soon  led  to  tho  driving  of  tunnels, 
which  liavo  been  carried  to  increasing  depths; 
and  in  recent  yeurs  tho  tendency  has  been 
toward  tho  consolidation  of  properties  into 
large  groups  and  their  development  by  deep 
drainage  tunnels. 

The  strong  relief  of  the  region  makes  it  espe¬ 
cially  adapted  to  exploration  by  tunnel,  and 
there  can  bo  no  question  that  this  is  tho  most 
practical  method  of  development.  Tho  great 
abundunce  of  “fine  tunnel  sites”  has  appar¬ 
ently  been  n  temptation  tha  t  was  hard  to  resist, 
as  is  shown  by  the  scores  of  tunnels  that  have 
been  started.  That  more  than  a  “site”  is 
necessary  to  success,  however,  is  indicated  by 
the  many  failures. 

CLASSIFICATION. 

All  the  deposits  of  proved  commercial  impor¬ 
tance  are  in  tho  sedimentary  rocks,  though 
somo  small  veins  in  the  intrusive  rocks  have 
been  prospected  and  a  little  ore  has  been 
shipped  from  them.  Tho  deposits  in  the  sedi¬ 
mentary  rocks  cun  ho  referred  to  three  general 
classes,  but  the  assignment  of  deposits  to  these 
classes  is  not  always  easy,  as  they  show  transi¬ 
tions.  Thc  main  classes  recognized  are  con¬ 
tact  deposits  and  deposits  associated  with  fis¬ 
sures  in  the  sedimentary  rocks.  Tho  deposits 
associated  with  fissures  nro  all  related  but  may 
readily  bo  separated  into  fissuro  deposits  and 
bed  deposits.  Deposits  associated  with  thrust 
faults  may  bo  regarded  as  n  particular  typo  of 
**d  deposit. 

VEINS  IN  INTRUSIVE  ROCKS. 

The  intrusive  rocks  of  tho  Little  Cottonwood 
“n<l  Alta-Clnyton  Peak  stocks  havo  been  much 
jointed  and  in  places  sheared  and  crushed,  and 
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over  considerable  areas  have  been  mineralized 
along  tho  joints.  Tho  weathering  of  tho  sul¬ 
phides  stains  the  rocks  with  oxide  of  iron. 
Such  staining  is  notable  in  tho  Little  Cotton¬ 
wood  stock  from  White  Pino  Gulch  eastward 
for  n  mile  or  more,  and  in  many  localities  in 
tho  Alta-Clayton  Peak  stock.  Pyrite  is  tho 
most  abundant  mineral  in  tho  veins  in  tho  in¬ 
trusive  rocks,  hut  clnilcopyrito,  galena,  and 
molybdenite  are  present. 

The  Alta  -  Gladstone  vein,  about  2  miles 
southwest  of  Alta,  in  the  Little  Cottonwood 
stock,  consists  mainly  of  coarsely  crystalline 
quartz,  pyrite,  molybdenite,  and  a  little  white 
carbonate,  probably  culeite.  The  coarsely 
crystalline  quartz  is  strongly  suggestive  of  peg¬ 
matite,  though  neither  feldspar  nor  muscovite 
was  recognized  us  a  vein  mineral.  Tho  wall 
rock  is  altered  to  an  aggregate  of  quartz  and 
muscovite,  in  which  sulphides  are  disseminated. 
In  the. vein  tho  sulphides  show  a  tendency  to 
segregate.  In  the  portion  accessible  at  the  time 
of  visit  the  vein  material  along  ono  wall  con¬ 
sisted  largely  of  coarsely  crystnllino  pyrite,  and 
the  remainder  contained  molybdenite  with  the 
gangue  minerals  and  somo  pyrite. 

Small  veins  containing  molybdenite  are  re¬ 
ported  from  several  places  in  the  Little  Cotton¬ 
wood  stock  but  have  been  only  slightly  pros¬ 
pected.  In  White  Pine  Gulch  veins  contain¬ 
ing  pyrite,  galena,  sphalerite,  and  clnilcopyrito 
in  a  quartz  gangue  have  been  prospected.  The 
largest  vein  seen  was  about  a  foot  thick  and 
could  he  traced  for  300  to  400  feot. 

On  the  South  Fork  of  Littlo  Cottonwood 
Creek  the  in  trusivo  rode  is  cut  by  east  to  north¬ 
east  joints  and  fissures,  carrying  quartz-sul¬ 
phide  veins.  Pjvitc  is  the  most  abundant  sul- 
pliide,  but  some  galena  is  present.  Similar 
veins  occur  in  the  intrusive  rooks  around  the 
head  of  Big  Cottonwood  Canyon,  though  cop¬ 
per  appears  to  be  more  abundant  in  this  sec¬ 
tion.  Somo  of  tho  rocks  south  of  Silver  Lake 
show  a  rather  pronounced  copper  slain  wliich 
has  resulted  from,  tlio  oxidation  of  sulphide 
veins  along  the  joints, 

CONTACT  DEPOSITS. 

The  bodies  of  limestone  adjacent  to  tho  in¬ 
trusive  rocks  that  have  been  most  prospected 
me  those  which  contain  abundant  magnetite. 
These  contain  variable  but  usually  small 
amounts  of  iron  and  copper  sulphide  and  some 
gold  and  silver.  Tho  production  from  these 
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deposits  has  so  fur  been  small,  us  most  of  the 
material  is  of  too  low  grade  to  bo  profitably 
mined  and  shipped  under  ordinary  conditions 
with  the  availablo  transportation  facilities. 

Contact  deposits  containing  ft  high  percent¬ 
age  of  iron  have  been  developed  in  the  Michi- 
gan-Utah,  Alin  Consolidated,  and  South  Hecla 
mines,  and  some  ore  has  been  shipped  from 
them.  Such  deposits  have  been  prospected 
around  the  head  of  Little  Cottonwood  Canyon 
on  both  sides  of  the  Alta-Clayton  Peak  stock 
and  at  tho  head  of  Big  Cottonwood  Canyon, 
especially  around  the  head  of  Dog  Lose  canyon 
and  across  tho  divide  in  Snake  Creek  canyon. 
Some  of  the  deposits  in  Dog  Lake  and  Snake 
Creek  canyons  contain  abundant  ludwigite  and 
forstorite.  Near  Dog  Lake  they  contain  abun¬ 
dant  magnetite.  Bornito  appears  to  bo  the 
principal  original  sulphide,  though  chaloo- 
pyrite  is  present  and  in  some  places  mny  be 
more  plentiful  than  bornitc. 

Tho  Steamboat  mine,  which  is  developed  by 
a  tunnel  oxtending  from  Snake  Creek  toward 
the  head  of  Big  Cottonwood  canyon,  contains 
some  copper  oro  in  which  forstorite  is  an  im¬ 
portant  guiiguo  mineral  und  chalcocite  is  the 
principal  sulphide.  In  tho  hand  specimen  the 
relation  of  theforsterite  and  chnlcocito  strongly 
suggests  that  the  sulphide  is  primary,  but 
microscopic  examination  shows  it  to  contain 
remnants  of  bornito  which  indicate  that  it  has 
replaced  that  mineral.  In  some  specimens  col¬ 
lected  from  the  dump  and  said  to  como  from 
the  same  part  of  the  mine  us  those  containing 
the  chalcocite,  tho  bornito  has  been  pnrtly  re¬ 
placed  by  chalcopyvite.  In  this  deposit,  as  in 
those  near  Dog  Luke,  bornite  appears  to  have 
been  the  important  primary  sulphide. 

As  bus  been  stated  in  tho  discussion  of  the 
contact  alteration  of  the  limestone  the  evidence 
seems  to  point  to  solutions  given  off  by  the 
igneous  magma  ns  tho  source  of  the  metallic 
und  some  of  tho  nonmctollic  constituents  of  the 
deposits. 

mSUBE  DEPOSITS. 

GKN  RRA  L  CHARACTER. 

In  the  fissure  deposits  the  minerals  occur 
mainly  as  a  tilling  of  fissures.  In  nearly  all 
there  is  some  replacement  of  the  wall  rock,  and 
in  some  the  replacement  is  so  extensive  at  cer¬ 
tain  points  that  the  deposit  approaches  the  bed 
type.  In  others  contact  minerals  nro  present 


in  the  replaced  wall  rocks,  and  the  deposits  ap¬ 
proach  the  contact  type.  The  fissure  deposits 
are  found  at  different  stratigraphic  horizons,  but 
where  the  adjacent  rock  is  especially  susceptible 
to  replacement,  either  on  account  of  its  chem¬ 
ical  composition  or  of  its  physical  character 
they  give  plnce  to  bed  deposits.  In  several 
places  tho  limestono  adjacent  to  fissures  has 
been  strongly  brecciated  nnd  the  breccia  has 
been  partly  replaced  by  oro  minerals,  forming  a 
deposit  intermediate  between  fissure  and  bed 
deposits.  Most  of  the  fissure  deposits  strike 
northeast  and  cast-northeast  and  have  steep 
northwesterly  dips,  but  a  few  strike  nearly  due 
north.  They  occur  in  rocks  of  very  different 
character  and  composition,  including  the  Cam¬ 
brian  and  pre-Cambrian  quartzites  nnd  shales, 
in  which  the  Toledo,  American  Consolidated 
Copper  (Bronhorg),  Cardiff  (upper  tunnel),  Pa¬ 
cific,  and  ono  of  the  Live  Yankee  veins  occur: 
the  Paleozoic  limestone,  which  is  tho  predomi¬ 
nant  wall  rock  in  the  Michigan-Ulah  tad 
Prince  of  Wales  mines;  and  even  tho  Thaynes 
formation  Gower  Triassic),  in  which  the  vein¬ 
like  body  of  the  Barry-Coxe  mine  is  located. 
The  Dutchman,  Buy  State,  and  two  of  the  lave 
Yankee  veins  are  in  early  Paleozoic,  probably 
Cambrian  limestone. 

THINS  IN  BIG  AND  LITTLE  COTTONWOOD  DISTRICTS. 

Toledo  vein. — The  Toledo  Vein  was  not  being 
worked  at  the  time  of  the  writer's  examina¬ 
tion.  The  following  description  of  the  vein  is 
given  by  Huntley:1 

The  oro  occurs  in  a  fissure  vein,  from  1  to  3  feet-  wide, 
cutting  diagonally  across  a  quartzite  formation,  dipping 
80°  NNW.,  and  in  found  in  several  chimneys  50  feet  li-rg 
on  the  strike  and  about  50  feet  apart.  They  dip  with  tin 
strike  toward  the  east.  The  oro  is  a  hard,  porous  brown 
siliceous  oxide  of  iron  of  very  high  grade.  It  was  ®*d 
to  have  averaged  from  80  to  109  ounces  to  the  ton.  Water 
was  found  200  feet  from  the  surface,  but  the  character  o( 
the  ere  did  not  change.  Where  the  vein  passed  from  the 
quartzite  into  a  belt  of  schist  thero  was  much  pyrito. 
Tho  mine  is  operated  through  a  shaft  455  feel  deep,  ver¬ 
tical  for  part  oi  its  length.  The  horizontal  development 
of  the  vein  is  350  feet,  and  the  total  cuttings  (ire  estimate! 
at  2,000  feet. 

Grizzly  and  City  Rocks  fissures. — Tho  de¬ 
posits  associated  with  tho  Grizzly  and 
Rocks  fissures  in  the  territory  of  thoMichigan' 
Utah  Consolidated  Mining  Co.  may  ho  classed 
as  fissuro  deposits,  though  in  places  they  “P" 

'  lluntloy,  D.  1).,  op.  cit.,  p.  425- 
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proach  the  bed  deposits  in  character.  The 
sedimentary  rocks  consist  mainly  of  Paleozoic 
limestones.  Cambrian  limestono  has  been 
thrust  over  Carboniferous  rocks,  as  shown  on 
the  map  (PI.  XXVII).  The  sedimentary 
rocks  arc  cut  by  several  northeast  fissures 
that  dip  steeply  northwest,  of  which  the 
Grizzly  and  City  Hocks  fissures  are  the  most 
prominent.  Several  dikes  have  the  same 
general  strike  as  tho  fissures;  a  dike  of  wliife 
granite  porphyry  follows  the  Grizzly  fissure 
for  a  considerable  distance  and  forms  one  wall 
of  the  ore  bodies,  and  other  dikes  of  mon- 
zonitic  or  dioritic  composition  are  exposed  at 
the  surface  and  are  cut  in  the  workings. 

Certain  beds  cf  tho  limestone,  where  crossed 
by  the  dikes  and  fissures,  have  been  strongly 
brecciated,  and  the  limestone  has  been  brec¬ 
ciated  along  tho  thrust  faults.  Some  miner¬ 
alization  occurs  all  along  tho  fissures  hut  is 
by  far  the  most  extensive  in  the  brecciated 
limestone,  whero  it  forms  the  more  valuable 
oro  shoots.  Tho  larger  shoots,  therefore, 
roughly  follow  the  intersections  of  certain 
beds  of  limestone  and  the  fissures,  or  the 
intersections  of  the  thrust-fault  planes  and 
the.  fissures.  The  fissures  have  been  fol¬ 
lowed  through  tho  ridge  bet  ween  Litt  le  Cot  ton- 
wood  Canyon  and  Honeycomb  Folk;  and  the 
City  Rocks  fissure  is  cut  by  the  Luke  Solitude 
tunnel  near  the  head  of  Solitude  Fork,  about 
300  feet  below  the  Clcve  tunnel,  and  has  been 
developed  b)  a  winze  sunk  200  feet  below  the 
Lake  Solitude  tunnel  level.  A  raise  connects 
the  Lake  Solitude  and  Clove  tunnels. 

The  ore  is  largely  oxidized  to  the  Lake  Soli¬ 
tude  level  and  is  said  to  he  oxidized  to  the 
bottom  of  the  winze.  There  are,  however, 
lemnants  of  sulphide  even  near  the  surface. 
Tire  metals  preseut  in  commercial  quantity  arc 
lead,  silver,  and  copper,  with  a  little  gold. 
Limonita  is  abundant,  manganese  oxide  locally 
pbntiful,  and  wulfonite  present  in  notable 
amounts.  A  little  manganese  ore  has  been 
slipped,  principally  from  the  Stewart  vein. 
Huntley*  describes  the  upper  portion  of  what 
Is  probably  now  known  os  tho  Grizzly  fissure 
os  follows : 

The  Utah  is  2  figure  vein,  from  1  foot  to  20  feet  wide. 
dil>ping  70°  or  more  N\V.  through  strata  of  blue  and  white 
t;lic>ous  limestone  or  dolomite,  which  dip  about  30°  NE. 
It  bad  outcrops  in  places  and  is  known  to  exteud  4,000 


fort  in  length  and  700  feet  in  depth.  The  gangne  of  the 
vein  is  oxide  of  iron  and  a  sand,  apparently  tho  result  of 
the  decomposition  of  tho  siliceous  country  rock.  The  ore 
is  from  1  foot  to  10  feet  (averaging  from  2  fa  3  feet)  wide, 
immediately  in  contact  with  the  walla  hut  not  confined 
to  either.  Three  chimneys  have  been  found  200  feet  long 
and  about  300  feet  apart.  One  came  to  tiro  surface,  and 
the  others  to  within  100  feet  of  it.  They  dip  with  the 
strike  about  05°  NE.  The  positions  of  these  chimney* 
appear  to  be  determined  by  tho  strata  of  white  limestone. 

1  he  oro  makes  whero  the  vein  crosses  tho  white  limestono 
out  pinches  where  tho  harder  blue  limestone  in  encoun¬ 
tered.  It  is  a  soft  red,  sometimes  rather  sandy  oxide  of 
iron  containing  carbonate  of  lead  and  galena  and  in  places 
stained'  malachite.  Tho  first  cliuv  assays  30  per  cent  lead, 
3t> ounces  and  upward  of  silver,  and  a  trace  of  gold .  There 
is  also  much  low-grade  jigging  ore  in  tho  mine,  On  the 
south  side  a  dike  of  porphyry  appears,  running  nearly 
parallel  with  the  Vein.  Near  the  porphyry  the  oro  lias  not 
been  so  rich. 

Honeycomb  Fork. — Huntley5  describes  the 
mines  on  Honeycomb  Fork  ns  follows: 

The  Butte  mine,  at  the  head  of  Honeycomb  Fork,  2) 
miles  northeast  of  Alta,  was  discovered  in  I.8G9  and  has 
been  worked  irregularly  since.  It  is  said  to  he  a  fissure 
vein  in  limestone,  from  G  inches  to  4  feet  wide,  dipping 
55°  N.,  and  is  supposed  to  be  an  extension  of  tho  Utah  and 
City  Rocks  of  Little  Cottonwood  district.  It  outcropped 
for  several  hundred  feet  on  the  hillside  In  the  form  of  a  soft 
ocher-stained  limestone.  Oro  occurs  on  the  footwall  in 
S  or  10  lenticular  bodies,  from  1  inch  to  3  feet  wide,  at  con¬ 
siderable  distance  below  the  surface.  It  is  a  high-grade 
ocher  and  carbonate.  Sometimes  much  black  oxide  of 
mangani  -e  is  found.  The  mine  is  dry  (excepting  surface 
water)  and  is  worked  through  a  200-foot  tunnel.  *  *  * 
The  total  product  to  Tuiw?  1, 1830,  was  estimated  at  $27,000. 

The  Oregon  is  an  extension  of  the  Butte.  Tho  property 
also  includes  four  patented  prospects  on  which  very  little 
work  has  been  done — the  Columbus,  the  Taylor,  the  Ab¬ 
bey,  and  the  Black  Bess.  It  ia  a  fissure  vein,  from  1  to  1 3 
feet  (average,  3  feet)  wide,  dipping  60°  N.VE.  in  limestone 
Only  one  body  of  ere  hue  been  found.  This  came  to  the 
surface  and  was  120  ieetlong,  from  3  inches  to  3  feet  wide, 
uud  extended  to  a  depth  of  300  feet.  It  assayed  ahout  50 
ounces  silver  and  30  per  cent  lead.  *  *  *  Water  was 
found  at  100  feet,  but  no  change  occurred  in  the  oxidized 
character  of  the  ore.  *  *  *  Tho  total  product  to  1880 
was  estimated  at  $10,000. 

Savage  ami  Montezuma  claims. — Raymond  * 
describes  the  mineralization  in  tbo  Savage  and 
Montezuma  claims  as  follows: 

Savage:  Tho  oro  shown  near  the  entrance  of  the  incline 
as  a  rusty,  g.w*m-like  mats  or  vein,  cutting  the  beds  of 
limestone  vertically.  A  few  feet  helow  the  surface,  within 
the  iucliae,  the  thickness  of  the  Vein  overhead  is  about 
3  feet.  It  pinches  up  at  a  point  lower  down  and  toward 
the  bottom  of  tho  incline  opens  out  again  to  a  vein  from 

2  to  3  foot  wide  cf  rich  ore,  yellowish  and  rusty  in  color 

« Idem,  p.  423. 

■  cumuoud.  a.  W  ,  SuitUtlos  of  mlora  rant  minim*  'n  the  Stain  and 
Terri  torus  vrwt  of  lb#  Rocky  Mourn  runs  for  1-S71,  p.  K4,  U72. 


1  Huntley,  11.  D.,  OJI.  Oil.,  p.  423. 
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and  in  olacea  streaked  with  giwmsfcuns  of  copper.  QuarU 
vein  stone  is  found  at  the  bottom  of  the  mine,  and  it  u 
hoped  that  this  will  prove  to  be  a  continuous,  wgubr  vein 
formation.  The  ore  is  soft  and  earthy,  mu  eh  like  that 
from  the  Emma  and  other  claims.  It  is  rich  in  stiver  and 
lead.  The  mineral  wulienite  is  found  disseminated  m 
email,  thin  crystals  throuRhout  the  vein. 

The  Montezuma  is  about  00  feet  west  of  the  dump  of  the 
Savapc.  Tho  vei  n  is  vertical,  or  nearly  ho,  like  the  Savage, 
and  extends  apparently  from  3°  to  5°  west  of  north  (mag¬ 
netic).  The  croppings  are  rusty  and  rather  hard,  hut 
below  the  ore  is  softer  uml  richer  in  silver  and  lead.  The 
country  rock  is  a  hard  black  limestone.  *  *  *  Ihe 
vein  mav  be  wid.  to  average,  where  opened,  2V  feet  in 

4 

thicknosr. 

Ctirdijf  vein. — Tho  vein  of  tho  Cardiff  mine, 
exposed  in  the  upper  tunnel,  follows  a  fissure 
that  strikes  N.  3.1°  E.  arid  dips  63°  NW.  The 
wall  rock  is  tho  <loverthnist  (jun.rt7.ilc  above 
the  Alta  ovevthrust.  The  oro  consisted  of 
pyritc  and  tetrahedrito  and  a  minor  amount 
of  galena  in  a  quartz  gangue.  No  zinc  blende 
was  noted,  but  ft  qualitative  test  proved  the 
presence  of  a  litllo  zinc  in  the  tetrahcdritc. 
No  zinc  blonde  was  detected  by  microscopic 
study.  Tetrshedrite  containing  a  notable 
amount  of  zinc  has  beru  reported  from  the 
Park  City  district.  The  ore  minerals  formed 
apparently  pure  bauds  or  lenses  1  to  6  feet 
thick,  separated  by  bands  of  white  quartz  and 
unreplftced  quartzite.  Tho  oro  mined  was 
said  to  contain  about  12  per  cent  of  copjier,  a 
good  proportion  of  silver,  and  $1  to  82  in 
gold  to  the  ton.  Tho  galena  was  said  to  in¬ 
crease  above  tho  upper  tunnel  and,  locally  at 
least,  to  mark  tho  upward  termination  of  pay 
ore.  The  ore  was  practically  free  from  oxida¬ 
tion  at  and  below  the  level  of  the  upper  tun¬ 
nel.  At  higher  levels,  in  a  vein  on  which  the 
old  Cardiff  shaft  was  sunk,  lead  carbonate 
ore  was  found  dowu  to  n  depth  of  150  feet 
below  the  shaft  collar.  The  large  ore  body 
which  furnishes  the  present  out  put  belongs  to 
tho  thrust-fault  type  of  deposits.  (See  p.2Sl.) 

Veins  oi i  American  Consolidated  Copper 
Co's  property.— The  American  Consolidated 
Copper  Co.’s  (Branborg)  property  contains 
three  fissures — the  Garfield,  Silver  King,  and 
Gus tin  us  Adolphus — all  striking  X.  35°— 40°  E. 
and  dipping  about  60°  XW.  Another  fis¬ 
sure,  probnbly  a  branch  of  tho  Garfield,  strikes 
N.  10°  E.  and  dij>s  about  60°  W.  The  Gar¬ 
field  fissure  and  its  branch  carry  ore  contftin- 
iug  pyritc,  blende,  and  galena  in  a  quartz 
gangue.  They  have  been  cut  by  a  long  adit, 


and  the  Garfield  fissure  has  been  followed  by 
drifts  to  the  southwest  und  northeust.  North¬ 
eastward  it.  pinches  at  the  quartzito  and  shale 
contact.  No  prospecting  for  a  continuation  of 
tho  fissure  in  the  limestone  above  the  shale  has 
been  undertaken.  Shallow  pits  in  the  lime¬ 
stone,  however,  have  struck  small  quantities 
of  lead  carbonate  with  ft  high  silver  content, 
which  may  be  connected  with  northeasterly 
fissures. 

The  Silver  King  fissure  was  cut  by  the  tun¬ 
nel  1,200  feet  from  tho  portal.  At  the  time 
of  visit,  in  tho  summer  of  1916,  a  short  drift 
exposed  vein  quartz  and  a  little  sulphide. 

The  Gustavus  Adolphus  fissure  has  the  same 
type  of  mineralization,  but  its  ore  contains 
less  zinc  and  more  silver  than  that  from  the 
Garfield  fissure.  Small  amounts  of  oxidized 
ore  mined  from  shallow  workings  me  said  to 
have  yielded  1,000  ounces  of  silver  to  the  ton, 
but  tho  oxidized  ores  are  very  superficial  and 
almost  negligible. 

Howell  mine. — Tho  Howell  mine  is  developed 
on  a  fissure  in  the  Cambrian  quartzite  that 
strikes  about  N.  30°  E.  and  dips  steeply 
northwest.  This  fissure  has  been  followed 
along  the  strike  for  several  hundred  feet.  The 
ore  has  apparently  formed  as  shoots  in  the 
fissure.  At  several  points  ore  has  been  stoped 
from  shoots.  Tho  original  minerals  consisted 
of  quartz  nnd  sulphides  of  iron,  lend,  zinc,  and 
copper. 

Barry  Coxe  mine. — Tho  ore  deposits  in  the 
Bavry-Coxe  miuo,  on  the  southwest  slope  of 
Scott  Hill,  are  transitional  between  the  contact 
and  fissuro  types  of  deposits,  also  between  the 
fissure  and  bed  replacement  types.  The  ore, 
so  far  as  developed  by  shallow  workings  m 
1912,  occurs  as  pockets  in  partly  metamor¬ 
phosed  limestono  along  fissures  trending  N.  13 
W.  north  and  east.  The,  pay  ore  is  found  be¬ 
tween  lave  is  of  lean  silicate  rock  and  replaces 
the  walls  for  a  few  feet  from  the  fissure.  The 
most  pronounced  replacement  exposed  at  the 
time  of  examination  extended  10  feet  from  the 
N.  13°  W.  fissure.  The  oro  seen  was  a  mix¬ 
ture  of  pvrite,  blende,  and  galcnu  in  a  gangue 
consisting  essentially  of  garnet,  diopside,  sen- 
cite,  and  quartz.  Oue  of  the  easterly  fissures, 
along  a  fnult  plane  against  which  the  ore  along 
a  northerly  fissure  stop|>ed,  contained  green 
copper  stains.  Tho  gurnet  and  diopside  were 
formed  before  the  ore  and  other  gangue  nmi- 
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erals,  but  there  is  no  evidence  to  determine 
whether  the  country  rock  was  first  partly  re¬ 
placed  by  contact-metamorpliic  minerals  and 
at  a  distinctly  later  period  replaced  further 
by  the  ore,  or  whether  nil  the  minerals  were 
deposited  in  definite  sequence  during  one  period. 
Absence  of  fracturing  in  tiro  metaraorphic  min¬ 
erals  favors  tlie  latter  view. 

VEINS  IN'  AMERICAN  FORK  DISTRICT.1 

Silver  Dipper  vein . — The  Silver  Dipper  vein 
follows  a  fissure  that  strikes  N.  65°  E.  and  dips 
G0°-65°  NW.  in  Cambrian  quartzite.  The 
vein,  which  wus  Worked  in  the  seventies,  is 
said  to  have  consisted  of  pyrite  and  quartz 
with  some  good  shoots  of  galena. 

Waterfall  vein. — The  Waterfall  vein  lies 
along  a  fault  trending  nearly  due  north  be¬ 
tween  shale  and  quartzite.  It  is  marked  by 
pinches  and  swells,  and  the  swells  are  about  4 
feet  thick.  The  ore  minerals  am  galena, 
pyrite,  tetrnhedrite,  and  a  little  zinc  blende  in 
a  gangue  of  quartz.  The  vein  has  been  opened 
by  two  tunnels  that  in  1912  extended  north¬ 
ward  50  feet  and  southward  300  feet  from  the 
creek  bed. 

Live  Yankee  claim. — Three  veins  have  been 
worked  or  prospected  on  the  Live  Yankee 
property,  near  the  head  of  Mary  Ellen  Gulch, 
but  only  one  was  accessible  in  1912.  This 
vein  lies  between  a  footwn.ll  of  quartzite  n-nd'a 
hanging  wall  of  pyritized  porphyry  and  trends 
N.  85°  W.  Its  ore  minerals  are  pyrite,  chaleo- 
pyrite,  zinc  blende,  and  galena,  and  its  gungue 
minerals  quartz  and  barite.  One  of  the  other 
veins  lies  along  nn  east- west  fault  zoue  and  is 
said  to  have  contained  the  “big  stope, ”  mined 
in  early  days,  which  is  said  to  have  lain  be¬ 
tween  walls  of  shale  at  the  base  of  the  lime¬ 
stone.  Its  oro  minerals,  to  judge  from  speci¬ 
mens  on  the  dump,  were  chiefly  pyrite  and 
chnlcopyrito  in  a  gungue  of  quartz  and  barite. 
The  gold  content  is  said  to  have  been  unusually 
high,  ranging  from  S20  to  $80  or  more  to  the 
ton,  The  third  vein  strikes  X.  40°  E.  in 
Cambrian  limestone  but  is  said  to  pinch  on 
reaching  and  following  a  porphyry  dike. 
Specimens  of  its  ore  consist  of  pyrite,  a  little 
cbalcopyrite,  zinc  blende,  galena,  and  jhrne- 
sonite  in  a  gangue  of  quartz,  barite,  and  a 
little  ferruginous  dolomite.  A  fourth  vein, 

1  The  doatripUooa  of  mines  in  tho  AmcfUnm  Fork  district  aro  by  13.  K. 
kougiltn. 


too  small  at  its  outcrop  to  be  of  much  promise, 
stiikes  N.  45°  E.  in  Cambrian  limestone  and 
consists  mostly  of  galena  in  a  gangue  of  dolo¬ 
mite  spar.  This  group  of  veins  differs  from 
thoso  already  described  in  tho  prominenco  of 
chalcopynto  and  in  a  corresponding  high  gold 
content.  Their  mineral  and  chemical  compo¬ 
sition,  however,  show  them  to  ho  closely  related 
to  tho  other  ore  bodies  of  the  region,  and  there 
is  every  reason  to  believe  that  they  were 
formed  at  the  same  time. 

Another  source  of  ore  on  the  Live  Yankee 
property  has  been  the  glacial  drift  in  the 
gulch,  from  which  boulders  of  galena  ore  have 
been  washed.  It  is  said  that  in  some  of  the 
boulders  quartzite  was  attached  to  tho  oro,  and 
this  may  indicate  a  westward  continuation  of 
the  X.  85°  W.  vein,  or  possibly  another  vein 
concealed  a  short  distance  up  the  gidch. 

Paci  fic  mine. — A  st  rong  vein  is  being  worked 
in  the  Pacific  (Dine  Rock)  mine,  just  south  of 
the  southward  bend  in  the  American  Fork 
canyon.  The  voin  strikes  X.  45°  E.  in  Cam¬ 
brian  quartzite  and  at  one  place  has  a  hori¬ 
zontal  offset  of  IS  feet  along  a  N.  703  W.  fault. 
It  is  4  to  S  feet  in  width  and  has  been  fol¬ 
lowed  horizontally  for  about  450  feet,  being 
worked  tluough  the  lower  tunnel  of  tho  mine. 
Below  the  tunnel  its  dip  is  60°  NW.  Above 
the  tunnel  the  dip  flattens  and  tho  vein  narrows 
upward  until  it  coincides  with  a  bedding  plane 
at  or  near  the  shnle  contact.  In  the  southern 
part  of  tho  mine  the  ore  is  continuous  from 
tho  shale  contact,  130  feot  up  the  dip  flora 
the  tunnel,  to  and  beyond  the  lowest  workings, 
70  feet  down  tho  dip  from  tho  tunnel.  The 
pay  ore  pinches  northward  as  well  us  upward. 
The  ore  consists  of  galena  and  pyrite  in  a 
gangue  of  quartz  and  barite.  The  galena 
diminishes  upward,  and  near  the  shale  contact 
granular  pyrite  is  tho  only  oro  mineral.  The 
barite  tends  to  be  localized  in  lenticular  shoots. 
The  oro  is  in  part  of  milling  nnd  in  part  of 
slipping  grade. 

Tho  old  workings  of  tho  Pacific  mine  have 
found  showings  of  ore  but  were  inaccessible  in 
1912.  Oxidized  ore  rich  in  silver  from  a  small 
inclined  shaft  north  of  the  main  workings  con¬ 
tains  green  stains,  locally  called  “bromides,” 
but  proved  by  chemical  tests  to  bo  the  copper 
carbonate,  malachite. 

Utah  Centennial  claims. — Tho  main  vein  of 
the  Utah  Centennial  property,  southeast  of 
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Pittsburg  Luke,  trends  about  east  and  shows 
some  lead  ore  at  the  outcrop.  In  1912  two 
tunnels  were  being  driven  to  reach  this  vein. 
The  eastern  tunnel  starts  in  quartzite  at  the 
upper  road  in  a  north-northeast  direction  and 
follows  a  narrow  vein  of  white  quartz  with 
some  pyrite  and  a  few  small  pockets  of  galena. 
The  tunnel  hud  penetrated  the  shale,  in  which 
the  quartz  of  the  vein  has  largely  disappeared 
and  dolomite  and  barite  huve  become  con¬ 
spicuous. 

W,U  Dutchman  mine. — lluntlev1  describes 
the  Wild  Dutchman  mine  as  follows: 

Tlio  onj-l>cr.ri]ii'  formation  is  »  bedded  vein,  (roiu  3  to  '10 
feet  (average,  20  feet f  wide,  in  dolomite,  dipping  40° 
SE.  *  *  *  The  gangue  in  general  consists  of  from 
2  to  3  feet  of  nhalo  upon  the  foot  wait  and  a  soft  clay  con¬ 
taining  fragments  of  silica,  and  strongly  stained  by  oxide 
of  iron,  locally  known  as  “lime  porphyry.”  The  ore 
occuth  iu  aintlorcd  egg-shaped  bunches  of  from  a  few 
pounds  to  (100  tons,  h'ive  largo  [ore]  bodies  have  been 
found,  one  20  feet  from  the  surface,  one  300  feet  from  the 
surface,  end  the  others  between  tlieso.  The  ore  is  the 
usual  oc'uery  carbonate  of  lead  sound  in  a  lime  formation 
and  contains  small  amounts  of  heavy  spar.  At  the  water 
line,  in  tho  'ISO-foot  tunnel  level,  a  large  body  of  base  ore 
was  found.  This  consisted  of  iron  and  copper  pyrites, 
gaiena,  and  a  very  large  percentage  of  zinc  blende.  A 
porphyry  dike  is  said  to  cut  through  the  footwall  into 
the  vein  near  tlio  large  bodies  of  ore.  *  The  total 

product  of  the  mine  is  estimated  at  7, WO  tons,  averaging 
43  ounces  silver  and  -10  per  cent  lead. 

Dutchman  mine.. — The  principal  vein  of  the 
Dutchmun  mine,  seen  in  1912,  is  in  Cambrian 
limestone.  It  strikes  N.  40°  E.  and  dips  verti¬ 
cally  or  steeply  southeastward.  Its  width 
ranges  front  a  mere  streak  np  to  8  feet.  Its 
greatest  width  is  attained  in  a  dark -blue 
limestone  bed  which  overlies  argillaceous  beds 
in  tlio  lower  part  of  the  Cambrian  limestone. 
Tito  vein,  for  most  of  its  course,  lies  along  tho 
contact  of  a  narrow  porphyry  dike.  It  ends 
abruptly  on  tho  northeast  against  a  dense, 
blockv  argillaceous  limestone,  which  probably 
marks  a  northwesterly  fault  but  which  could 
not  bo  studied  closely. 

A  minor  veiu  parallels  the  main  vein.  Both 
have  been  followed  up  to  the  cemented  talus 
that  caps  the  bedrock,  and  several  masses  of 
ovo  nro  said  to  have  been  found  in  the  talus. 
The  ore  mined  from  both  veins  is  mostly  a 
sandy  mixed  lead  arid  zinc  cHrbounte.  That 
mined  by  lessees  in  recent  years  is  said  to 
average  about  30  per  cent  of  lend,  9  to  17  per 


:  cent  of  zinc,  and  50  ounces  of  silver  to  the  ton. 
Remnants  of  primary  ore  are  composed  of 
galena  and  blende  in  a  burite  and  carbonate 
gangue.  Quartz  is  inconspicuous. 

Bay  State  mine. — The  best  showings  of  ore 
recently  reported  in  the  Bay  State  mine,  about 
1  midway  between  tho  Dutchman  and  Pacific 
mines,  but  on  the  cast  side  of  the  canyon,  had 
not  been  found  in  1912.  In  that  year  a 
few  small  prospect  tunnels  showed  small 
amounts  of  galena  and  barite  impregnating  a 
rather  light  gray  limestone,  and  one  showed  an 
interesting  occurrence  of  stibnite.  Thcstibnite, 
accompanied  by  barite  and  a  little  dolomite, 
forms  small  seams  or  stringers  cutting  both  the 
limestone  and  a  porphyry  dike.  Both  the  lime¬ 
stone  and  the  dike  are  altered  and  havo  a  seri- 
oitized  appearance.  The  stibnito  is  partly  al¬ 
tered  to  kermesitc,  the  oxvsulpliido  of  antimony 
(2Sb2S.j.Sb303),  which  occurs  in  tufts  of  minute 
red  prismatic  crystals  and  probably  accounts 
for  all  the  red  staining  along  the  stibnite 
seams. 

BED  DEPOSITS. 

LITTLE  COTTOJJWOOH  I'lSTaiCT. 

Occurrence  and  character  of  deposits. — The  bed 
deposits  have  been  tho  most  productive  of  all 
the  types  in  the  Little  Cottonwood  district,  and 
most  of  the  “bonanzas  ”  that  made  the  district 
famous  in  the  early  days  were  of  this  type. 
Typically  these  deposits  have  been  formed  by 
the  replacement  of  certain  sedimentary  beds 
adjacent  to  crosscutting  fissures.  The  de¬ 
posits  are  thus  more  or  less  tabular  in  form,  lie 
as  a  whole  parallel  to  the  bedding  of  the  sedi¬ 
mentary  rocks,  and  pitch  with  the  intersection 
of  the  replaced  bedding  and  the  fissures — com¬ 
monly  to  the  northeast.  Where  tho  replace¬ 
ment  has  extended  only  a  short  distance  from 
the  fissures  the  deposits  have  more  nearly  the 
form  of  “chimneys"  than  of  tabular  deposits. 
The  somewhat  similar  deposits  associated  with 
thrust  faults  aro  discussed  in  a  later  section. 

Most  of  the  deposits  are  oxidized  as  far  down 
as  they  hove  been  mined,  and  it  is  not  possible 
to  determine  the  original  replaced  minerals 
except  by  scattered  remnunts  of  unaltered 
material.  Some  deposits  that  consist  largely 
of  sulphide  huve  been  developed,  notably  m 
the  old  Emma  mine  and  also  in  the  allied  de¬ 
posits  associated  with  thrust  faults,  such  os 
the  Columbus-Rexall .  Tho  original  minerals 
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recognized  in  the  Columbus  deposit  aro  pyrite, 
galena,  sphalerite,  and  tetrahedrite  in  a. 
gangue  of  quartz  and  unreplaced  carbonate. 
Sericitic  muscovite  also  is  a  coinmon  gangue 
miueral  in  the  bed  as  well  ns  Ln  the  fissure  de¬ 
posits  aud  is  prominent  both  in  limestone  and 
shaly  beds  and  in  “porphyry.” 

A  specimen  of  tetrahedrite  from  the  Colum¬ 
bus  Consolidated  mine  was  examined  by  K.  C. 
Wells  in  the  chemical  laboratory  of  the  Geolog¬ 
ical  Survey  and  found  to  contain  6.24  per  cent 
of  lead  together  with  arsenic,  as  well  ns  anti¬ 
mony.  In  the  material  examined  no  lead  min- 
crnl  other  than  the  tetrahedrite  was  recognized, 
and  it  is  believed  that  the  lend  is  contained  iu 
that  mineral.  Whether  or  not  the  tetrnhe- 
drite  of  the  district  carries  lead  generally  or 
only  at-  certain  localities  has  not  been  deter¬ 
mined.  Specimens  of  supposed  tetrnhedrite 
from  tlio  neighboring  Park  City  district  have 
been  shown  by  F.  R.  Vail  Horn  1  to  contain 
notable  amounts  of  lead.  It  has  already  been 
noted  that  tetrahedrite  from  the  Cardiff  mine 
and  from  the  Park  City  district  contains  zinc 
iu  notable  amounts.  Probably  other  minerals 
will  be  recognized  in  the  primary  ores  with 
more  detailed  study. 

The  sulphide  ores  of  the  old  Emma  and  Co- 
luinbus-Rexall  mines  have  not  at  this  writing 
been  examined  in  detail  by  the  writer.  The 
former  consist  of  pyrite,  galena,  tetrahedrite 
or  a  closely  allied  mineral,  argentite  and  possi¬ 
bly  other  silver  minerals,  and  timgstenite  in  a 
gangue  consisting  mainly  of  quartz  and  unre¬ 
placed  and  recrystallized  limestone.  The  tung- 
stenite  is  a  new  mineral — the  first  natural  sul¬ 
phide  of  tungsten  2  whose  occurrence  lias  been 
reported.  Pyrite  was  the  earliest  mineral  to 
crystallize,  and  the  tungstenito  was  in  part  at 
least  later  thnn  the  galena.  The  sulphide  ore 
of  the  Columbus-Rexall  consists  mainly  of 
pyrite  nud  tetrahedrite  with  some  onurgite, 
galena,  and  chnlcopyrite. 

The  deposit  contains  but  little  noninetailic 
gangue.  The  pyrite  was  the  earliest  mineral 
to  crystallize;  the  other  minerals  surround  tire 
Pyrite  crystals,  giving  much  of  the  ore  a  dis¬ 
tinctly  porphyritic  appearance. 

Most  of  the  deposits  have  been  oxidized  as  far 
'■own  as  they  huvo  hecn  developed.  In  many  , 

I®*** Soc  Amerlco  null.,  vol.  25,  p.  17.  19U. 

•  *  *»u.  R.  c.,  and  Duller,  n.  8.,  Washiozlon  Acad.  Sci.  Jour.,  vol 
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|  places  oxidation  lias  extended  far  below  the 
level  of  ground  water,  though  it,  has  not  been 
shown  to  penetrate  below  thesurfaco  drainage, 
which,  because  of  tlio  strong  topographic  relief, 
descends  to  great  depth  in  the  veins  that  crop 
out  at  high  elevations.  The  typical  oxidized 
ore  consists  of  hydrous  iron  oxides,  carbonate 
and  sulphate  of  lead  (cerusite  and  anglesite), 
carbonates  of  copper,  and  usually  manganese 
oxide. 

The  ore  of  several  of  the  mines,  notably  the 
Cardiff,  Cabin,  Alta  Consolidated,  and  South 
Tlecla,  contains  a  large  proportion  of  a  basic 
sulphate  of  ferric  iron,  lead,  and,  in  some  speci¬ 
mens,  copper.  This  is  a  yellow  earthy  mineral 
that  can  usually  bo  crushed  in  tho  fingers, 
thougli  some  of  it  forms  lather  hard  lumps, 
many  of  which  luivo  a  core  of  galena.  Tho 
mineral  lias  not  been  quantitatively  analyzed 
but  is  probably  plumbojurosit  e,  with  some  bea- 
verite  and  possibly  other  allied  minerals.  A 
massive  piece  of  this  ore  was  sect  ioned  and 
found  to  have  a  core  of  galena,  surrounded  and 
penetrated  along  cleavage  planes  by  a  narrow 
zone  of  anglesite,  which  gives  place  outward  to 
tho  yellow  mineral  with  specks  of  green,  pos¬ 
sibly  malachite.  It  is  evident  thnt  in  this 
specimen  the  mineral  lias  not  resulted  from  tlio 
oxidation  of  a  mixture  of  iron,  lead,  and  copper 
sulphides,  but  that  the  galena  has  first  altered 
to  sulphate  and  that  this  has  subsequently 
combined  with  iron  and  possibly  with  copper 
brought  to  it  in  solution.  To  what,  extent  rqin- 
erals  of  this  character  were  present  in  the  large 
oxidized  bodies  formerly  mined  in  this  district 
is  not  known,  but  published  descriptions  sug¬ 
gest  that  they  were  fairly  abundant. 

'  Wulfenite,  the  molybdate  of  lead,  is  rather 
abundant  in  the  City  Rock9  vein  and  in  some  of 
the  ores  from  the  Alta  Consolidated  mine,  nnd 
is  present  in  man)1  of  the  mines.  It  is  also 
renorted  that  the  ores  contain  vanadium,  but 
no  vanadium-bearing  mineral  was  recognized. 
Carbonate  and  silicate  of  zinc  liavo  been  recog¬ 
nized  in  tlio  oxidized  ores  throughout  the  dis¬ 
trict.  Considerable  zinc  from  such  ores  has 
been  produced  from  the  Carbonate  mine;  and 
zinc  ores  have  been  shipped  from  the  head  of 
Honeycomb  Fork  and  from  the  Albion  mine, 
in  Little  Cottonwood  Canyon.  Sphalerite  is 
rather  plentiful  in  some  of  the  sulphide  ores; 
and  it  is  to  be  expected  thnt  oxidized  zinc  ores 
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will  bo  found  elsewhere,  though  perhaps  not  in 
commercial  quantities. 

Horizon  of  the  bed  deposit*— Several  horizons 
in  the  sedimentary  series  huve  apparently  been 
especially  fuvorablo  to  the  deposition  of  ores, 
though  it  is  a  rather  striking  fact  that  a  given 
bed  does  not  seem  to  bo  uniformly  favorable 
throughout  the  district.  The  lowest  beds  in 
which  important  bed  deposits  have  formed  is 
the  limestone  member  of  the  Cambrian  sliale. 
This  limestone  lias  been  especially  productive 
in  the  Wasatch  mines  (Columbus  Consoli¬ 
dated)  and  in  the  area  south  of  Little  Cotton¬ 
wood  Canyon,  including  the  South  Heel  a, 
Peruvian,  and  Albion  mines. 

The  next  ore-bearing  strata  of  importance 
are  the  dark,  “wormy,"  and  mottled  hme- 
stones  immediately  above  and  below  the 
prominent  white  stratum  (division  4,  p.  230)  in 
the  Cambrian  limestone  series.  So  far  as  ob¬ 
served,  no  ore  bodies  have  been  found  in  the 
whito  limestone,  which,  however,  is  useful  us  a 
marker. 

Ore  has  becu  found  in  these  dark  beds  at  the 
old  Reade&  Benson  mino  and  at  other  places  on 
both  sides  of  Reade  and  Benson  Ridge.  The 
deposits  of  the  Carbonate  mino  are  in  these 
strata,  as  are  apparently  the  lower  deposits  in 
Michigan-Ufcali  and  Alta  Consolidated  proper¬ 
ties.  Some  of  the  deposits  in  the  American 
Fork  district  aro  apparently  in  these  beds. 

It  is  frequently  said  that  the  ore  bodies  of  the 
Flagstaff,  Old  Emma,  and. certain  other  mines 
are  in.  tho  smne  strata  as  the  Rcnde  &  Benson 
deposits,  but  this  statement  is  an  error,  duo  to 
the  confounding  of  the  Cambrian  white  bed 
with  u  somewhat  similar  but  higher  bed. 

The  whito  Cumbrian  limestone,  which  may 
readily  he  traced  from,  the  Reado  &  Benson 
mine,  crops  out,  conspicuously  on  the  slope 
west  of  tho  Flagstaff  tunnel  with  an  eastward 
dip,  which,  if  projected,  would  bring  it  close 
to  tho  portal  and  very  little  below  the  strata 
that  carry  the  Flagstaff  ores.  Just  west  of  the 
tunnel,  however,  there  is  a  fault  with  down¬ 
throw  to  the  east  in  consequence  of  which  this 
limestone  crops  out  below  t  he  foot  of  the  great 
dump.  Outcrops  of  another  whitish  bed  are 
found  along  the  slope  above,  more  nearly  in 
line  with  the  whito  bajid  west  of  tho  mine.  It 
is  m  or  near  this  higher  bed  that  the  ores  of  the 
Flugstuff-Enunu  zone  occur.  The  bed  is  the 
pale-gray  fine-grained  limestone  that  lies  about 


150  feet  above  tho  post-Cambrian  unconformity 
(division  4,  p.  233).  Chemically  it  seems  to  be 
nearly  pure  calcite;  physically  it  is  brittle,  and 
near  fissures  it  has  broken  or  cracked  into  small 
pieces.  It  is  probable  that  the  combination 
of  favorable  chemical  composition  and  physical 
properties  has  caused  this  limestone  to  bo  the 
I  mast  productive  of  the  district.  In  addition 
to  tho  deposits  of  the  Flngstaff-Emmn,  zone 
others  occur  at  nearly  the  same  horizon  in  the 
Michigan -Utah  mine  and  in  tho  Prince  of 
Wales  mine. 

Ore  deposits  occur  in  higher  limestones  in 
the  district,  but  no  well-defined  productive 
bed  above  that  of  the  Flagstaff  has  been 
recognized.  The  stratigraphic  series  in  the 
underthrust  block  bas  not  yet  been  definitely 
correlated  with  that  of  the  overthrust.  There 
is  apparently'  a  rather  definite  horizon  in  this 
lower  block  at  which  ore  deposits  of  the  South 
Hecla  and  Sells  mines  have  formed.  This  may 
prove  to  be  essentially  the  same  as  the  Flag¬ 
staff-Old  Emma  zone.  Other  deposits  in  the 
lower  block  cut  across  tho  strata  and  aro  ap¬ 
parently  controlled  more  by  physical  conditions 
than  by  the  composition  of  the  replaced  lime¬ 
stone. 

Physical  condition  of  replaced  rock.— Tho 
physical  condition  of  the  replaced  rock  has 
probably  been  an  important  if  not  a  controlling 
factor  in  the  formation  of  the  deposits  that 
occur-  in  the  limestones  immediately  beuenth 
the  thrust-fault  planes.  This  is  indicated  bv 
tho  facts  that  deposits  have  formed  in  beds  that 
in  their  normal  condition  have  apparently  not 
been  particularly  favorable  to  ore  deposition, 
and  that  only  where  limestone  is  overridden 
by  a  hard  rock,  as  limestone,  quartzite,  or 
siliceous  shale,  and  strongly  brccciat-ed,  have 
such  contacts  been  shown  to  be  especially 
favorable.  Where  weak  clay  shale  has  bees 
thrust  upon  limestone,  ore  has  not  yet  been 
found  in  large  bodies.  Ore  bodies  connected 
with  faults  that  have  thrust  quartzite  atifl 
1  siliceous  shale  over  limestone  have  been  devel¬ 
oped  in  tho  Cardiff,  Columbus-Rexall,  Wasatch 
(Columbus  Consolidated),  South  Hecla,  and 
Cottonwood-Atluntis  properties.  Extensive 
ureas  of  such  contacts  have  not  yet  been 
thoroughly  prospected.  Where  limestones  bine 
been  brought  together  by  thrust  faulting  8 
breceiation  has  resulted  that  has  apparent ) 
been  favorable  to  ore  deposition.  Such  coo 
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ditioas  lire  present  in  the  Wichigmi-Utah 
fttul  possibly  in  the  Old  Emma  mine. 

The  deposits  of  the  FlagstalT-Emnia  zone 
ore  nil  vety  similar  in  occurrence.  The  zone 
js  crossed  by  a  series  of  northeast  fissures, 
with  some  fissures  striking  north  and  west  of 
north,  at  whose  intersection  with  the  ore- 
bearing  limestone  the  ore  deposits  occur  in 
forma  varying  from  chimney-liko  to  roughly 
tabular,  according  to  the  distance  from  the 
fissure  to  which  mineralization  has  extended. 
Most  of  the  openings  in  the  ore  bodies  along 
this  belt  were  inaccessible  at  the  time  of  visit; 
the  following  statements  are  based  on  wbut 
could  then  be  seen  and  on  old  mine  maps  and 
reports. 

The  limestone  of  the  replaced  beds  near  the 
fissures  has  been  much  shattered  and  in  the 
Old  Emma  deposit  forms  a  very  distinct 
breccia  that  probably  represents  movement 
parallel  with  the  beds  ns  well  as  along  the 
fissures.  This  breaking  of  the  limestone  into 
fragments  gave  a  large  surface  for  solutions 
to  act  upon  and  was  doubtless  a  considerable 
factor  in  the  production  of  the  ore  deposits 
in  this  bed  of  limestone.  In  some  localities  the 
limestone  was  largely  replaced  by  ore  and 
gangue  minerals,  in  others  much  of  thelimestone 
was  not  replaced,  the  ore  minerals  forming 
around  the  fragments. 

The  deposits  mined  have  been  lurgelv  oxi¬ 
dized,  but  the  original  metallic  minerals  proba¬ 
bly  consisted  largely  of  galena,  pyrite,  tetra- 
hedrite,  sphalerite,  and  some  silver  mineral 
or  minerals,  as  argentite  or  pyrargyrite. 

The  Old  Emma,  ore  body  was  out  ofT  about 
475  feet  below  the  surface  by  llio  Montezuma 
fault,  a  north-south  fault  with  downthrow  to 
the  east.  The  continuation  of  the  ore  east  of 
the  fault  and  2.50  feet  lower  was  opened  in 
1917,  and  in  the  summer  of  that  year  it  hod 
been  followed  down  for  ubout  500  feet.  The 
ore  below  the  fault  shows  littlo  oxidation.  The 
metallic  minerals  arc  pyrite,  galena,  totrahe- 
drito,  argentite  and  possibly  other  silver  min¬ 
erals,  tungstenite,  and  a  littlo  sphalerite.  The 
chief  ganguo  minerals  are  quartz  and  tuire- 
placed  and  rcorystallized  limestone.  For  ut  least 
a  part  of  the  shoot  there  is  a  central  core  which 
consists  mainly  of  quartz  that  hos  completely 
replaced  the  liinestono  and  contains  but  rela¬ 
tively  smull  amounts  of  tho  metallic  minerals. 
Ihe  limestone  breccia  surrounding  this  core  is 


less  completely  replaced  and  sulphides  are  more 
abundant.  Tho  oro  shoots  to  tho  northwest  of 
tho  Emma  shoot  on  the  Emma-Flagstaff  belt 
have  been  cut  by  north-south  faults  and  dis¬ 
located  to  distances  ranging  from  a  few  feet  to 
at  least  40  feet  und  probably  considerably 
more.  In  noarly  nil  the  shoots  that  have  been 
mined  tho  most  of  the  ore  was  within  a  few 
hundred  feet  of  the  surface;  at  greater  depth 
on  the  dip  of  tho  ore  bed  the  shoots  decreased 
both  in  size  and  in  content  of  lead  und  silver. 

The  character  of  the  ore  bodies  mined  in  the 
early  days  can  be  gathered  from  the  following 
quotution  from  Huntley:1 

The  ore-bearing  formation  [Old  Emma]  is  a  belt  of  sili¬ 
ceous  limestone,  between  a  limes  tone  hanging  and  a  dolo¬ 
mite  foot  wall,  the  belt  being  about  200  feet  wide,  dipping 
15°  KE.,  parallel  to  the  stratification  of  the  country  rock. 
The  ore  did  not  como  to  the  surface  but  was  found  by  fol¬ 
lowing  a  small  seam  of  ocher  50  feet  in  a  tunnel.  Two 
large  bodies  were  found  somewhat  nearer  to  tho  banging 
tbao  to  the  foot  wall,  following  the  general  dip  and  strike 
of  the  bell.  One  bognn  near  the  surface  and  wus  100  feet 
deep,  300  feet  long,  and  from  1  to  30  feet  wide;  and  the 
other,  a  few  feet  below  the  first,  was  200  feet  long,  100  feet 
deep,  and  from  1  to  20  feet  wide.  The  oro  was  a  soft 
brownish-red  ocher,  containing  eorusite,  nnglesite,  eilena, 
and  some  manganese  oxide. 

Emma  mine. — In  1S72  Raymond  2  described 
the  Emma,  mine  as  follows: 

The  Emma  mine  is  one  of  the  most  remarkable  deposits 
of  argentiferous  ore  ever  opened  Without  any  well- 
marked  outcroppings,  there  was  nothing  uircn  the  surface 
to  indicate  tho  presence  of  such  a  mas*  of  ore  except  a 
slight  discoloration  of  the  limeslono  nnd  a  tow  ferruginous 
st narks  visible  in  tho  face  of  a  cut  made  for  starting  the 
shaft.  Some  of  tho  earliest  locator*  in  tbe  canyon  assert, 
however,  that  in  tho  tittle  ravines  below  this  shaft  large 
masses  of  galena,  somo  weighing  over  100  pounds,  were 
found  upon  tho  surface  and  in  tbo  soil.  After  tlic  dis¬ 
cover)'  of  tho  deposit  by  means  of  the  shaft  a  tunnel  was 
run  in  so  as  to  intersect  it  in  depth.  This  tunnel  extends 
in  a  northwesterly  direction  and  is  305  feet  long.  It 
into  mods  tho  ore  mass  where  it  was  about  GO  feet  loug 
and  10  feet  wide,  measured  horizontally.  From  this 
level,  called  tho  first  floor,  ore  has  been  mined  abovo  and 
below  until  an  excavation  or  chamber  has  been  formed 
varying  from  20  to  50  feet  in  width  and  from  50  to  70  in 
length  and  77  in  height  above  tho  tunnel  level  and  50 
in  depth  below. 

In  August  Last  a  portion  of  the  oro  below  the  tunnel 
level  was  still  standing,  but  tho  mine  had  produced  from 
10,000  to  12,000  tons  ot  oro,  suwaying  from  100  to  21G 
ounces  of  silver  per  ton  of  2,000  pounds  and  from  30  to 
G6  per  cent  of  lend,  averaging  about  160  ounces  of  silver 
and  from  lo  to  50  per  cent  of  lead.  Tho  total  value  of 

>  Huutlrr,  D.  B.,  op.  cit.,  p.  to. 

•  Rnvcsail,  R.  W.,  Sul  Hi-  ot  mines  :uul  mining  In  tbe  Stau-i  nnd 
Torriloriei  vu-st  of  Ibc  Ro.-ky  Mountain*  (or  J»71,  p.  321, 1*73 
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tliia  ore,  at  the  <  price  paid'  for  a  large  part  of  it  in 
Liverpool,  £3fi,  or  8173  in  round  number*,  was  about 
82,000,000. 

Tliia  ore  was  extracted  at.  comparatively  little  cost. 
Mo.-t  of  it  was  stuped  from  below  upward  and  was  delivered 
by  chutes  into  tho  care  upon  tho  tramway  laid  in  the 
tunnel.  In  general  the  ore  was  soil  and  easily  excavated 
by  picks  and  shovels,  without  the  aid  of  gunpowder. 
It  consisted  chiefly  of  ferruginous  and  earthy-looking 
mixtures  of  carbonate  and  oxide  of  lead,  oxide  of  iron, 
and  of  antimony,  mixed  with  nodules  of  galena.  It 
appears  to  have  resulted  from  the  decomposition  of 
argentiferous  galena  ami  other  sulphureted  and  anti- 
moniul  minerals  containing  silver.  The  ore  may  be 
said  to  be  without,  ganglia  and  does  not  require  band 
sorting  or  separating  by  mechanical  means  from  worthless  j 
vein  stone.  This  nro  was  shoveled  up  and  put  iD‘o  sacks 
for  shipment  without  any  other  delay  or  expense.  The 
larger  part  was  shipped  overland  by  railroad  to  New 
York,  and  thence  by  iteuwr  to  Liverpool. 

Tho  walls  of  the  excavation  arc  very  irregular  but  | 
consist  of  a  hard,  white,  dnlomilio  limestone.  The  ore 
mass  appears  to  conform  to  the  stratification  and  to  have 
a  general  northwesterly  direction,  dipping  to  tbo  north¬ 
east.  Tho  extent  of  the  ore  na-i  in  tho  direction  of  its  j 
longth  had  not  been  fully  areertained  at  some  of  the 
levels  when  1  visited  the  mine  in  July,  though  in  most 
of  the  doers  it  had  all  been  taken  out,  and  tho  form  of 
the.  excavation  may  be  taken  tut  marking  in  a  general 
way  the  limits  of  tho  main  body.  A  peculiar  breeciatcd 
mn^  of  dolomitic  limestone  accompanies  the  ore  and 
may  be  regarded  as  vein  matter,  for  nodules  of  gfdena 
ore  found  isolated  in  its  midst,  as  well  as  small  patches 
of  soft  earthy  ore  disconnected  with  tho  main  body. 
The  limits  of  this  ore-boaring  breccia  are  not  yet  ascer¬ 
tained,  and  prospecting  drifts  to  the  northwest  along  its 
course  may  reach  other  bodies  of  rich  ore. 

Raymond  1  quotes  from  a  description  of 
tho  ores  by  Sillunun,  as  follows: 

The  ores  of  the  mines  thus  far  opened  in  the  Wasatch 
Mountains  are  largely  composed  of  species  resulting  from 
tho  oxidation  of  sulphides,  especially  galcnitc  and  anti- 
moninl  galena,  with  some  salts  of  zinc  and  copper,  all 
containing  silver  and  rarely  a  littlo  gold.  Iron  and 
manganese  ocheni  occur  in  considerable  quantity  in 
somo  of  them,  but  tho  process  of  oxidation  has  prevailed 
very  extensively,  so  that  the  och racoons  character  of  the 
ores  is  the  striking  feature  of  most  of  the  mines  in  this 
range. 

The  great  chamber  of  tho  Emma  mine  *  *  *  was 
found  to  be  6 lied  almost  exclusively  with  epigr-ne  species, 

the  product  of  oxidation  of  sulphides, and  capable  of  removal 

without  tho  aid  of  gunpowder  for  the  most  part.  Thestudy 
of  this  mass  reveals  iheintcrestinglactthiil  it  b  very  largely 
compcwcd  of  metallic  oxides,  with  hut  comparatively 
small  proportions  of  carbonates  and  sulphates.  Fortu¬ 
nately  I  am  able  to  present  an  analysis  of  an  average 
simple  of  32  tons  (IS3.0SO  pounds)  of  fiwt-clare  ore  from 
Emma  mine,  made  by  James  P.  Merry,  of  Swansea, 
April,  1871,  which  is  as  follows,  viz; 

1  Raymond,  K  V.,  0;>.  eJl.,  l>.  325. 


. 

. .  O  0*7 

Msingancs? . 

Silver . 

Magnesia,.  - . 

Carbonic  acid . 

Oxygen  and  water  by  di  ffen-nco. . . . 

90.  42 

.  9  . 58 

100.  CO 

The  quantity  of  silver  obtained  from  this  lot  of  ore  was 
156  irov  ounces  to  the  gross  ton  of  2,2-10  pounds. 

This  analysis  sheds  important  light  on  the  chemical 
history  of  this  remarkable  metallic  deposit  and  will  aid 
us  in  tho  study  of  the  paragenesis  of  the  derived  species. 
It  is  pre'-ty  certain  that  all  tho  heavy  metals  have  existed 
originally  os  sulphides,  and  wo  may,  therefore,  state  the 
analysis  thus,  allowing  8.  52  sulphur  to  convert  the  heavy 


metals  to  this  state: 

Silica . 40.  DO 

Metallic  sulphides .  52.  60 

Al,  .35; Mg,  .25;  Cn,  72;  Mm,;  Mn,  .20 .  1.  52 

95.20 

Water,  carbonic  acid,  and  loss .  4. 93 

This  calculation  assumes  that  the  sulphides  arc  as  l'oL 

lows,  viz: 

Galenile .  38. 69 

Stibnile .  2  33 

Bomite . 1.  03 

Sphalerite  (blcr.dc) .  2  G2 

Pyrite .  5. 42 

Argentitc . . . 54 

52.  GO 


TJiis  statement  excludes  the  presence  of  any  other 
gangue  than  silica,  and  considering  that  the  ores  exist 
in  limestone,  the  almost  total  absence  of  lime  in  the  com¬ 
position  of  the  average  mass  ia  certainly  remarkable. 
The  amount  of  silica  found  ia  noticeable,  *inc5  quartz  is 
cot  seen  as  such  in  this  great  ore  chamber,  nor,  so  far  ns  1 
could  find,  in  other  parts  of  the  mine.  The  silica  can 
have  existed  in  chemical  combination  only  in  the  meet 
inconsiderable  quantity,  since  the  bases  with  which  it 
could  have  combined  are-  present  to  the  extent  of  less  than 
1J  per  cent;  nor  dc  we  find  in  the  mine  any  noticeable 
quantity  of  kaolin  or  litbomurge,  resulting  from  the  de¬ 
composition  of  silicates,  nor  are  there  any  fcldspathic 
minerals.  It  is  most  probable  that  tho  silica  existed  in 
a  state  of  minute  subdivision  diffused  iu  the  sulphides, 
as  I  have  seen  it  in  some  of  the  unchanged  silver  ores  of 
Lion  Hill,  in  the  Oquirrh  Range. 

The  absence  of  chlorine  and  of  phosphoric  acid  in  the 
analysis  corresponds  well  with  absence  of  tho  specie* 
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tvr.in.’vri' e  and  pyromorphi'e,  °*  which  no  trace  could 
be  found  by  the  moot  careful  warch  among  the  contents 
of  the  mine.  The  miners  sponk  of  the  ‘‘chlorides,"  and 
Th,,  unseienrific  observers  have  repeated  tho  statement 
lltat  silver  chloride  is  found  in  the  Emma  mine,  hut  the 
ores  indicated  to  me  as  such  are  chiefly  ant  iinonic  ochers. 

The  gen  end  (perhaps  loud;  absence  of  the  phosphate* 
of  lead  in  the  Wasatch  and  Oquirrh  mountains,  so  far  ns  j 
explored,  is  a  striking  peculiarity  of  the  mineralogy  cf 
j'nWe  ranges.  On  the  o' her  hand,  tho  absence  of  chlorine 
in  the  mines  of  the  two  Cottonwoods  and  the  American 
Fork  is  in  striking  contrast  with  the  constant  occurrence 
of  cerargyrile  (horn  silver)  in  the  Oquirrh  and  also  in  the 
southern  extension  of  I  ho  Wasatch,  f  have  sought  in 
vuin  for  a  trace  of  this  species  in  the  districts  of  Ihe  Wa- 
s-.lch  just  named ,  and  the  occurrence  of  pyrornorphite  is 
extremely  doubtful. 

Molybdic  acid,  however,  exists  pretty  uniformly  dis¬ 
seminated  in  tho  mines  of  the  Wasatch  in  the  form  of 
wuifenite.  Although  it  occurs  in  minute  quantity,  it  is 
rarely  absent,  and  may  be  regarded  as  a  tnineralogical 
charfleteriat ie  of  the  districts  of  the  two  Cottonwoods  and 
of  the  American  Fork.  For  this  reason  a  few  particulars 
will  be  in  place  here. 

Wulfenite  is  found  associated  with  calamine  (smitbson- 
ite), c uruai  to ,  malachite,  aztirite,  and  more  rarely  alone  in 
little  cavities  in  the  ocbraceous  ores.  I  n  the  Emma  mine 
vugsorgeodta  are  occasionally  found  lined  with  botryoidnl 
apple-green  calamine,  rarely  crystallized,  often  brownian 
and  sometimes  colorless,  but  invariably  associated  with 
wulfenito.  The  calamine  incloses  and  covers  the  crystals 
of  wulfenito,  which  form  a  lining  of  considerablo  thick¬ 
ness.  The  Wulfenito  is  in  thin  tabular  crystals  of  a  yellow 
color,  resembling  the  Carinthian  variety  of  this  species. 
The  crystals  suo  very  brilliant  and  perfect  but  quite  mi¬ 
nute.  rarely  2  or  3  millimeters  in  width  and  not  over  1 
millimeter  in  thickness,  often  less.  They  arc  quite 
obundiD  tin  this  association,  no  pieceof  the  calamine  which 
I  have  seen  boing  without  (hem.  They  sometimes,  but 
rarely,  penetrate  through  the  globules  of  the  calamine  so 
as  to  show  themselv  es  on  the  upper  surface  of  that  species. 
But  tho  calamine  has  obviously  formed  botxyoidal  masses 
around  the  wulfenite,  a  crystal  of  tills  species  heing  often 
seen  forming  the  nucleus  of  the  calamine  globules. 

These  facts  are  of  interest  in  the  paragon  etna  of  these 
epigene  species.  The  order  ol  production  lias  obviously 
•A-n,  Ibfet,  the  cerusite  resting  on  ochraceona  iron,  man¬ 
ganese,  and  other  metallic  oxides;  next,  the  wulfenito 
crystals  were  deposited  upon  and  among  tho  crystals  of 
coruatle;  and  lastly  came  the  calamine,  crystalline  at  first 
and  as  it  accumulated  becoming  fibrous  and  amorphous, 
completely  inclosing  and  capping  the  other  species. 

Wulfenite  occurs  also  in  this  mine,  as  likewise  In  the 
Flagstaff,  the  Savage,  and  Robert  Emmet,  without  the 
mljiuiue,  but  never,  as  far  as  observed,  without  cerusite 
other  carbonates.  In  the  Savage  masses  of  cerusite, 
•■ith  various  oxides,  are  interpenetrated  by  the  tabular 
crystals  of  wulfenite. 

Although  Wulfenite  forms  a  very  minute  factor  of  the 
epure  ore  nnt&s  in  these  mines,  hy  the  law  of  mineral  aaso 
ejauon  it  may  bo  considered  as  tho  characteristic  species 
o  tho  arts  of  these  districts,  occurring  in  the  magnesian 

hnicstones.  ■*  *  # 


1  ho  oxidizing  and  desulphurizing  agency  which  has 
acted  upon  the  great  ore  maw  of  the  Emma  mine,  whatever 
it  was,  has  performed  its  work  with  remarkable  tlmmugh- 
nesa.  A  careful  study  of  its  action  discloses  some  other 
facts  of  interest  in  tho  pamgeneris  of  species.  From  tho 
appearance  oi  numerous  largo  blocks  of  ore,  forming  solid 
boulders  in  the  general  mar>a,  it  concentric  arrangement  is 
easily  recognized.  On  breaking  tbcca  niafcia  aertes,  the 
fresh  fractures  d  iscloso  a  dark  con  tor  which  consiais  almost 
entirely  of  decomposed  sulphides,  composed  chiefly  of 
cerusite  blackened  by  urgentito  and  metallic  silver  in  a 
pulverulent  form.  This  dark  center,  chiefly  of  coruaito,  is 
often  pscudomorpiiic  of  galonilo  in  its  fracture.  Next  is 
usually  ei  zone  of  yellowish  and  orange-yellow  antimonial 
ocher,  cemntito,  often  quite  pulverulent,  at  times  only 
staining  the  cerusite;  then  follows  a  narrow  zone  of  green 
and  blue  copper  salts,  malachite,  nzurite,  cujjreous  angle- 
site,  with,  rarely,  wulfenite;  then  follows  cerusite,  some- 
timea  stained  with  antimony  rather,  and  not  unfrequently 
n.-noeiated  with  wulfenite;  outside  all  arc  the  iron  and  man¬ 
ganese  ochcrs.  This  concentric  arrangement  I  have 
observed  in  a  great  number  of  cases;  and  the  above  order 
of  species,  while  not  invariable,  is  believed  to  reflect  accu¬ 
rately  thegenernl  arrangement.  Well-crystallized  species, 
as  mincrulogieal  specimens,  are  rare  in  this  great  mass; 
but  tho  following  may  be  recognized  as  its  chief  compo¬ 
nents  OoUniUt,  sphalerite,  pyrite,  jmncaonite  (?),  argeu- 
tite,  stephanito,  boulangcrilo  (?),  antimonial  galenitc,  ccr- 
i antlie,  ininietite  (?),  limonite,  wad,  kaolin,  litboranrgo, 
cerusite,  angle-site,  linarite,  wulfenite,  azwite,  malachite, 
m-ilhsonite.  Thoso  most  abundant  or  best  crystallized 
ire  in  italic.  This  list  can  no  doubt  be  extended  as  oppor¬ 
tunity  occurs  for  the  morn  careful  study  of  the  ores,  tho 
great  mass  of  which,  amounting  to  many  thousand  tons, 
have  gone  into  commerce  without  passing  under  any 
mineralogical  oye. 

Flagstaff  mine. — The  Flagstaff  mine  was 
located  and  worked  about  the  same  time  aa  the 
Emma  and  like  the  Einraawas  long  idle.  Hunt- 
ley1  gives  tho  following  description  of  the  de¬ 
posit: 

The  formation  is  the  same  mineral  belt  as  the  Emma. 
Ore  come  to  the  surface  in  one  spot,  and  following  this 
indication  a  short  die  lance  the  discoverers  came  to  the 
first  and  largest  body.  It  was  400  feet  long  and  500  foet 
deep,  extreme  dimensions,  and  3  feet  wide.  -Some  20  or 
30  other  large-sized  bodies  wore  found,  in  nil  shapes  and 
positions,  usually  near  the  hanging  wall  and  invariably  con¬ 
nected  with  one  another  by  a  Bmnll  seam  of  ore  oi  ocher. 
One  body  upon  the  fuotwall  was  joined  to  another  near  the 
hanging  wall  by  a  pipe  of  galena  the  size  of  a  lead  peneiL 

VaUejo  and  North  Star  claims. — Huntley2 
gives  the  following  description  of  the  ore 
bodies  of  the  Vallejo  and  North  Star  claims: 

The  ore  is  fouod  in  irregular  shoots  or  pipes  near  the 
hanging  wall.  Three  bulks  began  near  the  grass  roots, 

'  an(]  others  were  found  as  depth  was  attained.  At  the 
period  under  review  there  were  Id  shoots  having  a  tri- 


I  Knotty,  D.  B.,  op.  d!-,  p.  •!'«. 
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angular  or  lenticular  cross  section  and  a  uniform  dip  SR. 
£0°.  The.se  were  from  20  to  100  feet  apart  and  lay  almost, 
at  right  angles  to  the  strike  of  the  belt.  The  largest  was 
150  feet  long,  extreme  dimensions  from  0  inches  to  10  feet 
wide,  and  has  been  followed  300  feet  deep. 

Cabin  Trine. — The  Cabin  mine  is  just  north¬ 
east  of  Alta.  The  limestone  in  which  the 
ores  occur  appears  to  ho  lower  than  that  of  tho 
Flagstalf,  though  there  is  yetsomo  doubt,  owing 
to  the  incomplete  understanding  of  the  com¬ 
plex  faulting.  The  deposits  occur  in  a  bed  of 
white  limestone  associated  with  a  strong  fissure, 
the  ore  forming  irregular  “chimneys"  along 
fractures  in  the  limestone.  The  ore  consists 
of  galena,  pyrite,  cerusite,  anglesite,  some 
copper  carbonate,  and  a  yellow  earthy  sulphate 
of  lend  and  iron,  probably  plumbojarosite,  that 
is  said  to  contuin  considerable  silver. 

South  He. da  mint. — Some  of  the  largest  de¬ 
posits  in  the  South  Hecla  mine  may  he  classed 
as  bed  deposits,  in  that  in  general  they  follow 
the  intersections  of  fissures  and  certain  beds  of 
limestoue.  A  characteristic  feature  of  these 
deposits  is  the  highly  breceiatrd  condition  of 
the  mineralized  limestone  adjacent  to  the 
fissure,  which  has  been  partly  replaced  by  the 
ore  minerals.  Most  of  the  ore  is  screened  to 
separate  the  unreplaced  portion  of  limestone 
from  the  metallic  minerals. 

Tire  No.  1  shoot  on  the  Wedge  fissure  ahove 
and  helow  the  Dwyer  tunnel  is  of  this  type, 
as  is  tho  ore  shoot  on  the  Kate  Hayes  fissure, 
worked  from  tho  fourth  cast  crosscut  of  the 
Quincy  tunnel.  The  No.  2  shoot,  on  the  Wedge 
fissure,  on  tho  other  hand,  crosses  the  budding 
planes  of  the  limestone,  and  the  broccinlion 
appears  to  hnvo  resulted  from  tho  intersection 
of  tho  fissure  and  an  earlier  break  in  the  lime¬ 
stone.  A  porphyry  dike  follows  the  shoot 
rather  closely,  and  tho  intrusion  of  this  dike 
may  have  had  an  important  influence  on  the 
character  of  the  limestone. 

Other  mines.-  -Deposits  similar  to  those  in  t  he 
South  llocla,  in  that  the  ore  shoots  have 
formed  in  the  hrecciated  portionsof  certain  lime¬ 
stone  beds  adjacent  to  fissures,  nro  present  in 
the  Sells,  Peruvian,  and  Albion  mines.  Some 
of  the  largest  deposits  of  the  Alta  Consolidated 
miuc  extend  into  certain  hods  from  fissures 
and  may  he.  regarded  as  bed  deposits,  though 
at  some  places  the  deposits  are  rather  closely 
confined  to  tho  fissures. 


DIG  COTTONWOOD  D1STP.K' 

Tho  Prince  of  Wales  and  other  mines  are  just 
north  of  the  Cottonwood  Divide  on  Silver 
Fork,  a  branch  of  Cottonwood  Creek.  Like 
many  of  the  other  mines  of  the  district  they 
were  worked  extensively  in  the  early  days  and 
were  then  idle  for  a  long  period.  In  the  last 
lew  years  considerable  work  has  been  dono  and 
some  ore  shipped  by  lessees.  The  structure  of 
the  Prince  of  Wales  hill  is  very  complex  and 
has  not  been  completely  worked  out.  There 
are  at  least  two  overthrost  faults  which  bring 
Cambrian  limestone  over  Carboniferous  lime¬ 
stone.  Tho  limestone  in  which  the  mum  ore 
shoots  occur  are  probably  at  the  same  horizon 
us  those  of  the  Flagstaff-Emma  zone  and  some 
of  those  of  the  Michigan-Uluh  mine. 

Pnnce  of  Wales  mine. — Huntley  1  gives  the 
following  description  of  the  Prince  of  Wales 
deposits: 

The  ore-bearing  formation  is  said  to  bo  a  tedded  vein, 
dipping  about  45°  NW.  in  blue  and  white  limestone.  Four 
distinct  chimneys  or  shoots  of  ore,  130  foot,  200  feet,  and 
260  feet  apart,  have  been  found.  They  occur  where  the 
limestone  is  while,  metarr.orphic,  and  soft,  while  the 
barren  spaces  between  these  shoots  contain  the  vein 
only  as  ft  narrow  seam  in  hard  blue  limestoue.  Thtse 
shcota  outcropped  at  the  surface,  or  were  covered  by  u 
few  feel  oi  drift,  as  low-grade,  ocher-stained  «c  ms  of 
limestone  and  clay,  flood  oro  was  found  by  sinking  a  few 
feet.  The  Antelope  and  Prince  of  Wales  shoot  is  from  2 
inches  to  4  feet  (average,  12  inches)  wide,  120  feet  long,  and 
has  teen  followed  on  the  dip  1,200  feet.  The  Highland 
Chief  shoot-  is  from  2  inches  to  3  feet  (average,  8  inches) 
wide,  7o  feet  long,  and  S00  feet  deep.  The  Wellington 
shoots  are  earh  about  from  2}  to  7  foot  (average,  3  feel) 
wide,  from  10  to  30  leet  long,  and  700  feet.  deep.  The  oro 
.from  the  first  assays  about  140  ounces  silver  and  45  percent 
lend;  that  from  the  second,  100  ounces  silver  and  40  per 
cent  lead;  and  that  from  the  third  and  fourth,  60  ounces 
silver  and  50  per  cent  load.  The  ore  is  a  soft  brownish- 
yellow  ccher,  containing  argentiferous  cerusite  and  galena 
nnd  occasional  stains  cf  oxides  of  manganese  and  copper. 

Iii  1016  and  1017  work  was  being  carried  on 
from  the  lowest  turrnel  level  on  the  Honey¬ 
comb  Fork  side  and  drifting  on  tho  vein  below 
the  old  tunnel  level  tv  as  in  progress.  Tho  ore, 
which  ranges  in  thickness  from  that  of  a  knife 
blade  to  a  little  more  than  6  inches,  consist* 
mainly  of  galena  surrounded  by  oxidation 
products.  The  oro  bodies,  so  far  as  developed 
on  tho  lowest  level,  seem  to  bo  smaller  than 
those  at  higher  levels,  hut  the  content  of  silver 
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and  lead  seems  to  bo  quite  as  high  as  in  tbo  j 
upper  workings. 

lurin’.  heo  group. — The.  old  Rondo  &  Benson 
mine,  which  was  an  important  producer  in 
the  early  days,  is  now  a  part  of  the  Kennebec 
group.  Two  tunnels  have  been  driven  on  the 
Kennebec,  property  to  explore  the  ground  at 
(rreator  depth  than  the  old  workings  of  the 
Kendo  &  Benson  but  os  yet  have  developed 
no  ore,.  The  ore  bodies  have  formed  in  a 
spotted  and  mottled  Cambrian  limestone  lying 
below  and  above  the  hand  of  thinly  laminated 
wliito  limestone  (division  4,  p.  23t>).  The  beds 
arc  bedow  those  in  which  the  flagstaff  deposits 
occur.  Huntley  has  described  the  early  work¬ 
ings  as  follows: 

The  Reada  &  Berman  mine  is  situated  on  u  spur  of  (he 
Cottonwood  Divide,  between  Day's  and  South  forks,  11,000 
feet  above  sea  level  and  21  ni  Lies  north  west  of  Alta.  Itwus 
located  in  IS70  and  was  worked  \dgorously  from  Septem¬ 
ber,  1871,  until  April,  1373,  Since  then  it.  has  been  idle  or  ' 
leased  to  a  very  1  united  extent,  This  mine  is  supposed 
to  he  upon  the  same  mineral  belt  as  the  Flagstaff  and 
the  Emma.  The  belt  at  this  point  is  alxrot  200  feet 
wide.  The  ore  occurs  in  t»  vein  or  chimney  on  the  hanging- 
wall  side  and  in  about  20  irregular  lenticular  bodies,  which 
branch  at  all  anglc-fl  from  the  chimney,  on  Us  f exit  wall  side 
These  do  not,  as  a  rule,  extend  wore  than  75  feet  from  the 
main  chimney  and  vary  from  0  inches  to  several  feet  in 
width.  One  outcropped  as  a  low-grade  ocher.  The 
largest  is  about  170  feet  from  the  surface.  The  ore  is  of 
the  kind  usually  found  in  this  limestone  formation, 
namely,  a  yellow  and  red  oxide  of  iron  carrying  argentif¬ 
erous  ccmsitp  and  galena.  It  is  claimed  that  the  total 
shipments  have  averaged  120  ounces  silver  and  35  per  ccut 
lead  per  ton.  The  mine  is  developed  by  a  3S0-fool  tunnel, 
in  which  there  is  a  whim  on  a  100-foot  incline,  dipping  35° 
N’NE.  below  this  there  are  lour  windlasses,  which  carry 
the  incline  down  100  or  500  foot  deeper.  In  general,  the 
mine  may  be.  said  to  have  been  opened  from  the  surface 
1,103  feet  on  the  dip  (35°)  by  an  irregular  incline  following 
the  chimney.  Near  the  surface  the  ore  extended  100  feet 
ar.d  the  workings  200  feet  horizontally;  but  in  the  bottom 
of  the  incline  not  over  40  feet  of  drifting  have  been  done. 
The  openings  have  a  total  length  of  1 ,050  feet. 

The  Ophir  isa  few  hundred  feet  south  west  of  the  ReadcA 
Benson.  »  »  •  I twag discovered  in  1870,  purchased  by 
Header  it  Goodspeed  in  1S71,  leafed  until  May,  1378,  and 
worked  steadily  since  by  about.  10  men.  Ore  is  found  in 
three  bodies  in  a  30-foot  stratum  of  compact  dark-blue 
limestone.  A  stratum  of  white  limestone  above  carried 
Do  ore.  The  cutcrop  was  a  pipe  21  feet  in  diameter  of 
low-grade  ocher.  The  shape  oi  the  bodies  is  that  oi  a 
flattened  or  an  elongated  ball,  the  largest  being  50  by  20 
13  feet.  They  are  4  and  10  feet  apart  and  not  over 
dO  feet  from  the  surface.  At  the  period  under  review 
drifting  was  being  carried  on  upon  a  scam  of  ocher  in  the 
expectation  of  finding  another  body.  The  total  cuttings 
did  not  exceed  700  feet.  During  the  census  year  173  tons 
of  ore  similar  to  that  of  the  Rcado  Si  Benson,  excepting 


that  it.  was  of  lower  grade,  assaying  only  about  45  per  cent 
lead,  42  ounces  silver,  with  3  per  cent  moisture,  were  sold 
for  ?S,5S1.  The  previous  product  was  est imatod  at  $22,000. 

Carbonate  min*. — The  Carbonate  mine,1  in 
common  with  many  others  of  the  region,  made 
an  important  production  in  the  early  days  and 
then  little  for  n  long  period.  In  the  last  few 
years  lessees  have  extracted  considerable  oxi¬ 
dized  zinc  ore  and  some  lead-silver  ore. 

Tho  ore  bodies  are  in  the  spotted  and  mottled 
Cambrian  limestones  near  the  base  of  the  great 
limestone  series,  apparently  at  the  same  horizon 
as  the  old  Rende  &  Benson  deposits.  Just 
south  of  the  mine  a  stroug  east-west  fault  has 
thrown  the  limestone  down  against  the  Cam¬ 
brian  quartzite.  The  limestone  is  cut  by 
fissures  striking  about  N.  75°  W.  and  dipping 
steeply  south.  Fissures  that  strike  in  other 
directions  seem  to  be  less  important  with 
relation  to  the  ore  bodies,  though  one,  striking 
about  N.  40°  E.  and  dipping  northwest  (cor¬ 
responding  in  general  to  the  direction  of  most 
of  the  ore  fissures  of  the  district),  may  be  more 
important  than  is  apparent.  The  rocks  have 
been  broken  since  the  primary  mineralization 
by  nearly  vertical  north-south  joints,  which 
have  influenced  the  deposition  of  the  second¬ 
ary  deposits,  notably  the  oxidized  zinc  ores. 

The  ore  deposits  have  replaced  certain  beds 
of  limestone  adjacent  to  the  fissures.  Two 
factors  appear  to  have  controlled  the  replace¬ 
ment,  the  composition  of  the  limestones  and 
the  degree  to  which  they  are  fractured.  The 
deposits  are  largely  oxidized,  but  the  original 
minerals  were  probably  sulphides  of  lead, 
iron,  zinc,  and  copper,  together  with  some 
manganiferous  mineral.  In  the  oxidation  the 
lead  remained  essentially  in  its  original  posi¬ 
tion,  hut  the  zinc,  iron,  manganese,  and  copper 
were  largely  leached  into  tho  adjacent  lime¬ 
stone,  where  they  were  in  part  precipitated. 
The  oxidized  zinc  deposits  occur  mainly  be¬ 
neath  and  for  some  distance  up  along  the 
sides  of  the  old  lead  stopes  anti  along  the  north- 
south  joints.  Iron  and  manganese  are  rather 
abundant  in  the  oxidized  zinc  ores.  It  is  said 
that  some  of  the  lead  ores  consisted  largely  of 
galena,  and  it  seems  certain  that  galena  must 
have  persisted  after  tho  other  sulphides  had 
been  largely  oxidized.  Copper  was  not  an 
important  constituent  of  the  ore,  though  small 


■  Thf  writers  ure  Indebted  to  Mr.  O.  n.  Ryan  (or  much  Information 
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bodies  of  good  copper  ore  have  been  found. 
Bcuutiful  specimens  of  the  copper-zinc  carbon¬ 
ate,  auricbalcite,  occur  in  the  mine.  The 
following  description  of  tho  early  operations  of 
the  mine  is  given  by  Jluntlcy:  * 

The  mine  of  the  Kessler  Mining  Co.  coven  part  of  the 
ground  of  tho  old  Provo  claim .  It  was  worked  by  s  Now 
York  company  in  1872,  1873,  and  187-1.  Little  ore  wan 
obtained,  and  it  was  abandoned.  About  1875  a  pros¬ 
pector  discovered  the  carbonate  ore  body  while  over¬ 
hauling  the  old  dump,  so  says  tradition.  The  mine  was 
bought  by  tho  Carbonate  Co.,  of  Salt  lake  City,  which 
extracted  largo  quantities  of  oro.  In  January,  1870,  utter 
tho  largo  discovery  the  mine  was  sold  to  tho  Kessler  Mining 
Co.,  of  Now  York  City.  Thiscompany  took  out  consider¬ 
able  ore  and  did  much  prospecting  but  ceased  work  some 
months  previous  to  the  writer’s  visit,  »l  which  time  the 
mine  was  worked  by  a  few  lessees.  'His  property  i-on- 
sibta  of  the  following  overlapping  vnpntented  claims: 
Carbonuto  (1,500  by  200  feet),  Little  Giant,  Sailor  .Tuck, 
Altunin,  linker,  and  DeOanee.  These  arc  situated  on 
the  summit  of  the  ridgo  of  Silver  Mountain,  about  I  LOCK) 
foot  above  sea  level,  3  miles  south  of  Argonta,  and  about 
7  miles  northwest  of  Alta.  *  *  *  Tho  ore  is  found 
in  several  bodies  near  the  surface  on  the  hanging-wall 
side  of  a  stratum  or  belt  of  limestone.  The  largest  body 
waa  just  below  the  surface  and  was  lenticular  in  shape, 
its  dimensions  being  200  by  100  by  50  feet.  It  was  tim¬ 
bered  by  305  square  seta  but  had  coved  in.  The  gangue, 
if  such  it  may  be  called,  which  surrounds  tho  licdies  and 
also  serves  as  a  connecting  link  between  them,  consists 
of  a  valueless  ocher  or  limonite.  It  is  very  abundant, 
sometimes  fine  and  soft;  at  other  points  hard  and  siliceous. 
Occasionally  heavy  spar,  oxide  of  manganese,  and  stains 
of  malachite  are  found.  Tha  ore  u  on  ocher,  containing 
ceruaito  and  galena,  and  ataaya  from  30  to  50  per  cent  lead 
and  from  30  to  100  ounces  ailyer.  A  lissurc  vein,  called 
the  “Sailor  Jack,”  connects  with  this  body  and  has  been 
tho  crtiiso  of  much  litigation.  There  is  also  a  vortical  fault 
of  600  feet.  *  *  *  Tho  total  product  of  the  mine  prior 
to  October,  1877,  is  estimated  at  $120,000.  Between  the 
above  date  and  tho  beginning  of  [1880]  the  census  year 
■b-TIO  e»ww  bum,  av  eraging  about  8  percent  moisture,  wore 
sold  for $26 1, 0-M.lt. 

Maxjicld  mine, — The  Maxficld  mine  is  about 
7  miles  from  the  mouth  of  Big  Cottonwood 
Canyon.  The  ore  body  crops  out  in  Maxficld 
Gulch,  a  fow  hundred  feet  north  of  its  junction 
with  tho  main  canyon.  The  sedimentary 
rocks  arc  the  Cumbrian  quartzite,  the  Cambrian 
shale  and  limestone,  and  tho  great  series  of 
post-Cambrian  limestones.  All  these  rocks 
aro  cut  by  dikes  of  monzonitic  porphyry.  The 
largest  dike,  which  crops  out  in  Maxficld 
Gulch  northeast  of  the  mino  workings,  is 
several  hundred  foot  wide  and  ciui  bo  followed 
aloug  the  west  fork  of  the  guleh  to  an  eleva¬ 


tion  of  400  or  TOO  feet  above  the  canyon 
Dikes  cut  the  limestone  in  the  Baker  mine 
are  exposed  in  road  cuts  along  Big  Cottonwood' 
Canyon,  and  are  cut  at  numerous  points  in 
tho  northeastern  extension  of  tho  Maxwell 
workings,  both  on  tho  main  tunnel  level  und 
at  higher  levels.  Small  dikes  and  sills  of  the 
porphyry  extend  along  fissures  and  along 
certain  of  the  bods. 

The  limestone  adjacent  to  the  dikes  has  com¬ 
monly  been  altered  to  a  mixture  of  silicates  and 
calcito.  Epidotc  and  mica  arc  the  most  abun¬ 
dant,  but  garnet  and  probably  other  silicates 
are  present.  Magnetite,  homutite,  and  sul¬ 
phides  are  nearly  or  quite  lacking.  In  many 
places  the  porphyry  appours  to  have  undergone 
an  alteration  similar  to  that  of  the  limestone, 
indicating  that  it  had  solidified  before  the  time 
of  the  alteration. 

Numerous  fissures  in  the  limestone  strike 
from  a  few  degrees  west  of  north  to  N.  20°  E. 
and  dip  irregularly.  The  Alligator  fissure, 
which  is  believed  though  not  proved  to  be  the 
same  us  the  Logger  fissure,  on  the  opposite  side 
of  Big  Cottonwood  Canyon,  is  perhaps  the  most 
regular,  with  steep  westerly  dip,  but  oven  this 
varies  considerably  ut  depth. 

The  larger  ore  deposits  of  tho  mine  have 
formed  in  a  bed  of  banded  blue  and  white  lime¬ 
stone,  near  the  base  of  the  great  limestone  series. 
The  oro  has  replaced  the  limestono  adjacent  to 
fissures,  forming  chimneys  of  varying  size. 
The  deposits  so  far  developed  appear  to  form  a 
northwestward-pitching  zone  near  tho  porphyry 
dikes.  This  belt  has  been  followed  from  the 
outcrop  in  Maxficld  Gulch  to  the  bottom  of  the 
Alligator  extension  winze,  a  distance  of  more 
than  1,300  feet.  In  tho  older  workings  sev¬ 
eral  of  the  pipes  of  oro  have  been  followed  to 
tho  porphyry  dikes.  Near  the  dikes  tho  lend 
and  silver  eonteut  becomes  unprofitable,  al¬ 
though  the  limonite  persists.  The  limestone 
adjacent  to  fissures  near  tho  dikes  is  partly  re¬ 
placed  by  silicates,  including  mica  and  epidote. 

The  oro  is  rarely  if  ever  found  where  the 
limestone  has  been  replaced  by  the  silicates  * 
fact  which  suggests  that  the  ore  solutions  cunie 
up  along  the  dikes  and  pussed  into  the  fissures- 
Tho  absence  of  ore  and  the  presence  of  silicates 
near  the  dikes  may  bo  interpreted  as  indicating 
that  the  conditions  of  temperature,  pressure, 
etc.,  near  the  dikes  wero  not  favorable  to  t^e 
deposition  of  the  ore  minerals. 


1  Op.  fit.,  p. 
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.Operations  are  conducted  through  a  tunnel ! 
from  Big  Cottonwood  Canyon  that  intersects 
the  ore  zone  about  1 ,000  feet  from  the  portal. 
The  ore  zone  has  been  followed  for  a  distance 
of  more  than  1,000  feet  northwest,  and,  in  the 
Alligator  extension  winze  and  main  shaft,  to  a 
depth  of  about  140  feet  vertically  below  the 
tunnel.  In  the  summer  of  1016  ore  was  being 
extracted  at  this  depth  from  the  Alligator  shoot 
and  prospecting  was  being  carried  on  from  the 
tunnel  level.  Much  of  the  ore  above  the  tun¬ 
nel  level  was  oxidized,  but  below  the  tunnel  the 
ore  is  mainly  sulphides,  pyrite,  galena,  und 
tetrahedrite.  Tho  large  amount  of  water  has 
handicapped  prospecting  and  development. 
Huntley  1  gives  tho  following  description  of  the 
old  workings: 

Tho  Max  field  ia  a  bedded  vein,  from  lto  8  feet  wide, 
dipping 45°  X E.  between  strata  of  a  compact  bluish-white 
iliuestone.  The  ore  occurs  usually  upon  the  fcotwall,  in 
one  chimney  200  feet  long  and  2  feet  wide.  It  is  a  soft 
brawn  ochcry  carbonate  and  galena,  assaying  from  30  to  100 
ounces.  On  the  hanging  wall  there  was  ft  band  of  quartz, 
from  3  to  3  inches  wide,  containing  galena  and  pyrites. 
When  carefully  sorted  this  yields  good  ore. 

AMERICAS  FORK  DISTRICT.1 

Tile  only  bed  deposits  in  the  American  Fork 
district  are  those  of  the  famous  old  Miller 
mine,  on  Miller  Hill,  just  east  of  the  divide 
between  tho  bead  of  American  Fork  canyon 
and  Mnry  Ellen  Gulch.  According  to  Hunt- 
ley  3  the  mine  “was  discovered  iu  1870  and 
was  sold  the  following  year  for  §120,000  or 
over.”  It  wTns  examined  in  1872  by  J.  P. 
Kimball,  from  whose  published  report  the 
following  data  are  abstracted: 

The  earliest  workings  were  inaccessible  in 
1S72.  The  “vein”  then  worked  lies  near  the 
base  of  the  limestone  series  and  follows  the 
bedding,  which  dips  15°-25°  SE.  The  ore 
cropped  out  on  the  southwest  side  of  the  hill 
and  was  followed  along  the  footwall  for  ubout 
120  feet,  when  it  “rolled”  downward  for  a 
short  distance  and  again  followed  the  bed¬ 
ding.  Below  the  roll  (at  the  car  tunnel)  the 
"vein”  was  17  feet  thick.  Tho  footwall  was 
clearly  defined,  but  the  top  of  the  ore  body 
graded  into  the  limestone.  The  footwall  was 
o  bed  of  "tight  lime,”  with  a  streak  of  clay 

1  Huntley,  D.  D.,  op  clt.,  pp.  C.*7-m 

*  TU  lit  icriptiou.4  of  tho  tieposlU  In  the  A  mrrlctin.  Furlc  district  are 
'jy  ®.  f.  l-oughltn. 

*  a<mlkv.  n.  n.,  op,  clt.,  pp.  m-iu 


selvage  marking  the  contact  with  the  ore 
The  hanging  wall  was  shaly,  much  fractured, 
and  purtly  ultered  to  “ocherous  matter.” 
Fragments  of  the  hanging-wnll  rock  were 
found  throughout  the  vein.  The  east  side  of 
the  old  incline  showed  either  a  steep  pitch,  a 
horse  of  loosened  rock,  or  a  fault  causing  the 
abrupt,  disappearance  of  the  vein  material  on 
this  side.  Not  enough  work  had  been  done 
at  tho  time  to  determine  the  structure. 

Quartz  and  calcito  wrere  generally  absent, 
except  as  “a  residue  of  country  rock.”  The 
ore  minerals  were  galena,  cerusite,  and 
“plumbic  ocher,”  all  carrying  silver.  Con¬ 
siderable  hydrous  ferric  oxide  was  present, 
presumably  an  alteration  product  or  pyrite, 
and  the  green  and  blue  stains  of  copper  car- 
bouute  were  foimd  in  drusy  cam  ties  in  the 
haugiug  wall.  Black  manganese  stains  were 
commonly  present  with  the  iron  oxide. 

Cerusite,  both  black  and  white,  was  the 
most  abundant  of  the  three  lead  minerals. 
The  black  variety  probably  owed  its  color,  in 
Kimball's  opinion,  to  finely  divided  silver 
sulphide,  and  was  the  rich  ore  of  tho  mine, 
“containing  83  per  cent  lead,  along  with  some 
76  ounces  of  silver  to  the  tou.”  This  black 
variety  must  have  been  largely  galena,  for 
pure  cerusite  contains  only  76  per  cent  of 
lead,  whereas  galena  contains  S6  per  cent.  It 
occurred  in  granular  masses  in  the  lower  and 
middle  parts  of  the  “vein.”  Some  of  the 
masses  were  1  to  6  feet  in  diameter  and  con¬ 
stituted  from  10  to  1C  per  cent  of  the  total 
ore  shipped.  The  white  variety,  carrying 
about  60  ounces  of  silver  to  the  tou,  was  the 
predominant  oro  and  in  a  concentrated  form 
occupied  the  lower  hull’  of  tho  ore  body.  It 
was  arranged  in  lenticular  layers,  separated 
by  thin  scams  of  clay  and  “plumbic  ocher.” 
“Perfectly  pure  lenses”  of  it,  3  to  5  feet  thick, 
had  the  consistency  of  quicksand.  The 
“plumbic  ocher”  occurred  in  irregularly  dis¬ 
tributed  masses  or  lenses  in  the  lower  part  of 
the  vein  and  carried  as  much,  bs  36  ounces  of 
silver  and  2.45  ounces  of  gold  to  the  ton. 
Some  gold  was  also  present  in  the  ferric  oxide. 
The  upper  part  of  the  “vein”  consisted  of 
brecciated  limestone  and  ferric  oxide,  the 
former  more  or  less  impregnated  with  copper 
salts  and  partly  oxidized  galena.  The  ore 
body  was  said  to  be  the  largest  deposit  of 
lead  carbonate  known. 
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The  following  table  of  assays,  taken  frmn 
Kimball’s  report,  represents  the  western  ore 
bodies  of  the  mine,  worked  up  to  1872: 


Assay*  of  ore  from  )  filler  mine. 


Kind  of  oro. 

Lead. 

Silver. 

Gold. 

Ounces 

Ounces 

Pit 

to  the 

to  the 

cent. 

Ion. 

'on. 

Galena . 

bO 

25.  A 

a  30 

Do . 

70 

3&  S8 

.60 

Ho . 

64 

125,  07 

None. 

Po.  . . 

62 

45,  20 

.43 

Gray  [white?)  curlmnala  and 

galena . 

75 

31. 62 

.75 

Grav  [white? |  carbonate . 

GO 

3a  37 

.00 

Block  carbonate . . . 

68 

33.  45 

Trace. 

1  Hi . 

72 

36. 57 

Trace. 

Carbonate . 

75 

35.07 

2.  M 

Do . 

S3 

31. 49 

■2.  77 

Oxido  of  lead . 

C) 

25.8 

(») 

Third-claw  vein  matter . 

-10 

16.96 

None. 

Ruu  of  nunc . 

58 

29.  16 

50 

Po . . . . . 

53 

27.  32 

.  GO 

J . . 

GO 

30  37 

no 

Po . . . 

57 

33.41 

GO 

Do . 

55 

3G.00 

(a) 

*  Not  dalemiiiR*!.  i>  Included  In  ulU-tr, 


Tho  average  value  per  ton  of  base  bullion  I 
produced  from  these  ores  at  the  old  Sultan 
smelter  in  American  Fork  Canyon  for  60 
working  days  was  as  follows:  Lead,  5140.70; 
silvor  (60.36  ounces),  $86.47;  gold  (0.97 
ounce),  822.27;  total,  S249.44. 

According  to  Huntley,1  ore  was  found  in 
six  or  eight  lurge  bodies  which  began  within 
70  feet  of  tho  surface  in  a  belt  of  dolomite. 
About  4,800  tons  was  extracted  from  the  1 
largest  body.  In  addition  to  the  minerals 
mentioned  by  Kimball,  wulienite  was  present 
in  the  oxidized  ore,  and  a  little  zinc  blende  and 
pyrito  were  found  below  water  level  (500  feet). 
FLo  total  production  of  the  old  workings  was 
estimated  to  havo  been  between  13,000  and 
15,000  tons,  assaying  40  to  54  pe^  cent  of 
lead  and  30  to  47  ounces  of  silver  and  82  to  $10 
in  gold  to  the  ton.  These  figures  do  not  range 
as  liigh  as  some  of  those  given  by  Kimball. 

Tho  old  ore  bodies  gave  out  and  tho  company 
censed  operations  in  December,  1S76,  and 
since  that  time  tho  mine  has  been  worked  by 
lessens.  No  great  amount  of  oro  was  pro¬ 
duced  until  1905,  when  the  Tvng  Bros.,  then 
leasing,  opened  another  large  body,  which 
replaced  tho  limestone  along  a  ncnrly  due  east 

>  Bunt  Icy,  n.  n.,  op.  clt.,  pp, 


fissure  for  a  total  distance  of  over  400  feet 
and  was  10  to  40  feet  wide.  Tho  increased  pro¬ 
duction  from  1905  to  1908  was  duo  to  tliLs  de¬ 
posit.  Tho  rock  replaced  was  a  grnv  dolo¬ 
mite  (?),  overlain  and  underlain  bv  study  lime- 
stone.  Two  other  bodies,  smaller  and  lass  reg¬ 
ular,  were  found  100  feet  north  of  the  main 
body,  one  on  each  side  of  a  porphvrv  dike 
whose  strike  is  about  N.  70°  E.  The  main  ore 
body  ended  abruptly  on  the  east,  possibly 
against  a  fault,  and  a  search  has  recently  been 
made  for  its  eastward  continuation,  but  u:>  to 
1913  only  relatively  low-grade  oxidized  ore  had 
been  found.  The  ore  was  principally  rusted 
‘‘sand  carbonate  ”  containing  residual  boulders 
of  galena  and  showing  copper  stains  but  assay¬ 
ing  less  than  2  per  cent  copper.  The  uverago 
content  of  the  oro  stripped  from  the  Tyng  lease 
was  0.98  ounce  of  gold  and  21.72  ounces  of 
silver  to  tho  ton,  39.29  per  cent  of  lend,  4.00 
per  cent  of  zinc,  20.17  per  cent  of  irou,  2.61  per 
cent  of  sulphur,  and  3.56  per  cent  of  insoluble 
matter.  These  figures  show  that  the  ore  was 
mostly  oxidized  and  contained  very  little 
quartz  or  barite  ganguo. 

Shipments  of  low-grade  oro  along  tlio  fuult(?) 
oast  of  the  muiu  body,  in  1913,  averaged  about 
$6  in  gold  and  11  ounces  of  silver  to  the  ton, 
18  per  cent  of  lead,  37  per  cent  of  iron,  2.5  per 
cent  of  zinc,  2.3  per  cent  of  sulphur,  and  2.7  per 
cent  of  insolublo  matter. 

DEPOSITS  ASSOCIATED  WITH  THRUST  FAULTS. 

General  feature/!. — Several  deposits  associ¬ 
ated  with  thrust  faults  occur  in  the  two  Cotton¬ 
wood  districts.  Among  the  more  important 
of  this  typo  thus  far  developed  are  those  of  the 
Cardiff  mino,  the  Wasatch  mines  (old  Columbus 
Consolidated),  and  the  Coluinbus-Jlcxall  mino. 
Similar  deposits  occur  in  tho  South  Hecla  and 
Cottonwood-Atlantis.  Some  of  the  deposits 
of  the  Michigan-Utnh  mino  aro  also  probably 
associated  with  tlirust  faults. 

Tho  rocks  adjacent  to  the  thrust  zones  havo 
been  rather  highly  brecciated,  especially  where 
a  hard  rock  like  quartzite  or  siliceous  shale 
has  been  thrust  upon  limestone.  This  brec- 
ciation  of  the  limestone  has  proved  favorable  to 
mineralization.  Where  tho  softer  clay  shales 
havo  been  tlirust  upon  limestone  particularly 
favorable  conditions  do  not  seem  to  have  re¬ 
sulted.  Tho  oro  deposits  were  formed  where 
these  zones  are  crossed  by  tho  mineralizing 


u.  s.  GEOLOGICAL  SURVEY  PROFESSIONAL  PAPER  III  PLATE  XXVIII 


A.  VIEW  IN  MILL  D  (SOUTH)  FORK,  BIG  COTTONWOOD  CANYON.  SHOWING  CARDIFF'  AND  OTHER  MINES. 

1,  Cardiff  mine,  lower  tunnel;  2,  Hcxall  mine. 


n.  VIEW  ON  NORTH  SIDE  OF  LITTLE  COTTONWOOD  CANYON  NEAR  ALTA, 
1,  Tom  Mooru  tunnel;  2,  Bi(jCit»  tunnel;  3,  Michlytm-ULili  nner. 
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fissures,  and  like  the  bed  deposits,  the  ore 
shoots  dip  with  the  intersection  of  (lie  fissures 
nnd  tho  fault  zones,  commonly  to  the  north¬ 
east. 

Valuable  ore  deposits  have  been  developed 
on  the  Alta  overthrust,  on  tho  Columbus  over- 
thrust,  and  in  the  Grizzly  thrust  zone.  Those 
on  the  Alta  overthrust  include  the  deposits  of 
the  Cardiff  mine,  the  C o him b us-Rexa  11  mine, 
and  the  Howland  shoot  of  the  Columbus  Con¬ 
solidated  (Wasatch)  mine.  As  indicated  in  the 
description  of  this  fault  (p.  245),  it  consists  in 
this  port iou  of  two  branches.  On  l lie  Howland 
tunnel  the  wedge  of  shale  begins  just  north 
of  the  Howland  ore  body  of  the  Columbus  Con¬ 
solidated  mine  and  apparently  extends  beyond 
(lie  Cardiff  ore  body,  though  it  has  not  been 
proved  all  the  way. 

Cardiff  mine. — The  country  rock  adjacent  to 
the  Cardiff  mine  consists  of  the  “lower  lime¬ 
stone,”  tho  overthrust  quartzite,  and  the  Cam¬ 
brian  shale.  The  two  north-south  Superior 
faults  in  South  Pork  (sec  PI.  XXVII)  have 
thrown  the  strata  up  to  the  west  or  down  to  the 
east.  East  of  these  two  faults  (part  of  the 
‘east  contact”)  the  overthrust  quartzite  forms 
tho  surface;  between  the  faults  erosion  has  re¬ 
moved  tho  quartzite  from  the  surface,  leaving 
the  underthrust  limestone  exposed ;  beyond 
the  west  fault  the  limestone  and  tho  underly¬ 
ing  shale  has  in  turn  been  stripped  away  from 
tho  lower  band  of  quartzite. 

The  largo  ore  body  of  the  Cardiff  mine 
occurs  on  the  thrust  contact  iu  tho  block  eust 
of  the  eust  Suporior  fault.  The  overthrust 
quartzite  forms  tho  hanging  wall,  and  the 
underthrust  limestone  the  footwall.  The  con¬ 
tact  dips  eastward  at  a  low  angle.  Tho  ore 
bodies  are  closely  associated  with  a  strong 
northeast  fissure,  from  which  they  make  out 
mto  the  breccia  ted  limestone  along  the  contact. 
)ein  doposits,  described  on  page  2f>S,  have 
formed  in  this  fissure  both  above  and  below 
the  fault  zone. 

The  main  ore  body  on  the  thrust  contact 
was  first  entered  several  hundred  feet  from 
the  east  fault.  In  following  tho  fissure  west- 
w°ni  before  the  fault  was  encountered  the 
crosscut  entered  a  shaly  formation  that  has  not 

ecu  positively  identified,  but  that  is  possibly 

6  Cumbrian  shule,  which  would  indicate 
t  at  the  Cardiff  ore  body  that  has  been 

*'  eloped  is  on  the  upper  branch  of  the  Alta 


thrust  fault  and  that  at  this  [mint  tho  wedge 
between  (he  two  branches  contained  some 
limestone  overlying  the  Cumbrian  shale.  The 
shale  formation  was  also  encountered  when 
the  ore  body  was  followed  up  the  dip.  Tho 
fault  iu  that  direction  therefore  appears  to 
truncate  the  limestone  beds  till  it  brings 
the  shale  into  contact  with  tho  overlying 
quartzite.  The  amount  of  mineralization 
varies  considerably  at  different  points  along 
the  dip  of  the  ore  body,  apparently  because 
some  beds  of  limestono  havo  been  more 
favorable  to  mineralization  than  others.  In 
tho  shaly  beds,  so  far  as  observed,  mineraliza¬ 
tion  lias  been  comparatively  slight.. 

Tho  ore  thus  far  extracted  is  largely  oxidized. 
Boiow  the  present  tunnel  level,  however, 
it  consists  more  and  more  of  sulphides,  and 
at  200  feet  below  it  becomes  mainly  galena, 
pyrito,  sphalerite,  and  tetraliodrite,  Ship¬ 
ments  for  1915  are  reported  by  the  company 
to  average  38.2  per  cent,  of  load,  13.4  ounces 
of  silver  per  ton,  mid  3  per  cent  of  copper. 
Second-class  ore  is  stored  for  future  treatment. 
In  1916  tho  mine  was  producing  about  100 
tons  of  ore  daily.  A  view  showing  the  lower 
tunnel  is  given  in  Plate  XXVIII,  A. 

Columbun-RemU  mine. — Tho  Columbus-Rox- 
all  mine  is  a  consolidation  of  tho  old  Columbus 
Extension  and  the  Rexall.  Tho  claims  of  the 
former  were  mainly  in  Little  Cottonwood 
Canyon;  those  of  the  latter  were  mainly  on 
the  Big  Cottonwood  side  of  the  divide. 

The  rocks  of  the  area  consist  of  tho  pre- 
Cambrinn  quartzite  and  tillite,  tho  Cambrian 
quartzite,  tho  Cambrian  shales  und  limestone, 
and  the  post-Cambrian  limestono.  Tho  Alta 
thrust-fault  zone  passes  through  tho  Coluiubus- 
Rexnll.  The  lower  branch  brings  the  middle 
and  upper  members  of  the  Cambrian  shale 
into  contact  with  underlying  Carboniferous 
limestone.  The  upper  branch  brings  the  over¬ 
thrust  quartzite  into  contact  for  part  of  tho 
distance,  as  exposed  in  tho  tunnel,  with  tho 
post-Cambrian  limestone,  for  part  of  tho  dis¬ 
tance  with  the  Cumbrian  shale,  and  for  short 
distances  with  limestone  that  is  probably 
the  Cambriun,  just  above  the  Cambrian 
shale.  The  wedge  between  the  branches  of 
the  thrust  is  out  by  minor  tlirusts  and  is 
highly  complex  in  structure. 

The  ore  deposits  in  the  old  Columbus 
Extension  portion  of  the  property  were  on 
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the  upper  thrust  contact,  where  it  is  crossed 
by  northeast  fissures  and  whore  limestone  forms 
the  footwaU  of  the  fault.  As  in  other  deposits 
of  this  type,  the  ore  minerals  have  replaced 
the  limestone. 

The  lower  thrust  has  been  little  prospected, 
though  a  crosscut  was  driven  from  the  upper 
to  tho  lower  contact.  The  deposits  in  the 
Rexall  portion  of  tho  property  are  mainly  on 
the  contact  where  the  lens  of  shale  has  pinched 
out  and  the  quartzite  lies  directly  on  the  Car¬ 
boniferous  limestone.  Tho  ore  deposit  discov¬ 
ered  iu  the  summer  of  1917  had  been  but  j 
slightly  developed,  whou  exuinined  by  the 
writer.  It  apparently  occurs  as  a  replacement 
of  brecciated  limestone  along  the  thrust  con¬ 
tact,  which  is  rather  flat.  From  analogy  with 
other  deposits  of  tho  district  it  is  probable 
that  tho  Rexall  ore  body  is  associated  with  ft 
northeast  fissure,  though  uo  such  fissure  was 
apparent  in  the  workings  at  the  time  of  visit. 

Tho  oro  minerals  were  mainly  pyrite,  tetra- 
hedrite,  onargite,  galena,  and  a  little  chalco 
pyrito.  There  is  little  gangue  with  the  metallic 
minerals.  The  relative  amount  of  the  dif¬ 
ferent  minerals  varies  greatly.  In  places 
pyrite  is  present  nearly  to  the  exclusion  of  the 
other  minerals,  while  some  of  tho  richest  ore 
islargoly  tetrahedrite.  Pyrite  was  tho  earliest 
mineral  to  form,  and  the  other  minerals  have 
formed  by  replacement  of  tho  pyrite.  Next 
to  pyrito,  tetrahedrito  is  most  abundant. 
Enargite  is  plentiful  in  certain  specimens  but 
does  not  form  an  important  part  of  the  whole, 
so  far  as  observed.  Galena  is  present  iu  small 
amount,  but  the  ore  contains  but  a  relatively 
small  percentage  of  lead.  Chalcopyrite,  so 
far  as  observed,  is  confined  to  veinlets  in  the 
pyrite  grains.  Tho  sulphide  along  the  minute 
fissures  in  the  pyrito  appears  to  have  been 
replaced  by  chalcopyrito  instead  of  by  the 
more  abundant  tetrahedrite. 

Tho  ores  mined  during  the  later  part  of 
1917  are  reported  to  have  averaged  about  9  per 
cent  of  coppor,  10  ounces  of  silver  per  ton,  and 
a  little  lead  and  gold. 

Wasatch  mines. — ' The  country  rock  of  the  de¬ 
posits  of  tho  old  Columbus  Consolidated  mine 
consists  of  Cambrian  quartzite,  Cambrian 
shales,  and  limestone.  Both  the  Alta  and  the 


Columbus  thrust  faults  pass  through  the  area. 
'The  Alta  fault,  where  it  is  exposed  in  the  under¬ 
ground  workings  of  this  mine,  has  thrust  the 
Cambrian  quartzite  upon  the  lower  portion  of 
tho  great  limestone  series,  though,  us  stated 
above,  it  is  known  that  to  tho  northwest 
there  are  lenses  of  the  Cambrian  shale  and 
limestone  faulted  between  tho  limestone  and 
overlying  quartzite.  The  Columbus  fault  has 
thrust  the  Cambrian  quartzite  upon  the  Cam¬ 
brian  limestone  and  shale.  At  the  surface 
only  small  areas  of  the  limestone  are  exposal 
along  this  fault,  but  underground  much  larger 
bodies  indicate  that  tho  fault  truncates  the 
beds.  Other  minor  thrusts  ore  present. 

The  rocks  are  cut  by  several  northeast 
fissures,  tho  strongest  of  which  is  apparently 
tho  Braine,  at  whose  intersections  with  the 
thrust  faults  largo  ore  bodies  occur.  These 
ore  shoots  have  been  followed  below  the  tun¬ 
nel  level  till  the  amount  of  water  developed 
made  the  working  costs  prohibitive.  In  1917 
a  drain  tunnel  was  being  driven  from  a  point 
down  the  canyon  to  permit  the  deeper  explo¬ 
ration  of  the  ore  shoots.  Tho  oro  minerals  were 
mainly  pyrite,  galena,  and  tetrahedrite.  As 
in  the  Rexall,  copper  was  more  abundant  than 
in  most  of  the  mines  of  tins  district. 

Other  mines. — In  the  South  Hecla  mine  both 
the  Alta  and  higher  thrust  faults  are  present. 
No  large  deposit  has  been  doveloped  on  the 
Alta  thrust,  but  on  the  higher  thrusts  deposits 
have  been  developed  in  tho  Ophir  limestone 
from  which  considerable  oro  has  been  taken. 

In  the  Cottonwood-Atlantis  mine  some 
work  has  boon  done  on  the  Alta  thrust  contact. 


Ore  is  said  to  have  been  shipped  from  this 
deposit  in  tho  early  days  and  has  also  been 
mined  from  tho  Defiance  fissure,  in  the  quartz¬ 
ite  above  tho  contact.  Prospecting  was  in 
progress  in  1917. 

Ore  deposits  are  known  to  occur  in  the  Grizzly 
thrust  zone,  but  tho  writer  has  not  now  suffi¬ 
cient  data  to  determine  to  what  extent  the 
deposits  of  that  section  aro  connected  witn 
thrust  faults.  It  is  probable  that  further 
study  nnd  further  development  will  sho^ 
other  deposits  associated  with  thrust  faults. 
There  are  largo  areas  along  the  thrusts  tin- 
have  not  been  prospected. 


WASATCH  RANGE. 


283 


OENESIS  OF  THE  ORES  ‘ 

The  main  types  of  deposits— con  tact,  fis¬ 
sure,  nud  bed — show  complete  ininoraJogic 
gradation  and  are  without  doubt  of  common 
origin.  At  several  places  contact  deposits 
pass  into  fissure  deposits,  and,  as  a  rule,  the 
classification  into  fissure  and  bod  deposits  is 
based  on  form  rather  than  on  any  inherent 
difference  in  the  character  of  the  mineraliza¬ 
tion. 

The  deposits  in  the  igneous  rocks,  so  far  as 
shown  by  present  developments,  are  of  little 
importance  in  this  region,  and  their  relation  to 
the  deposits  in  the  adjacent  sedimentary  rocks 
is  not  as  clearly  shown  as  in  some  other  dis¬ 
tricts  of  the  State.  Tho  mineralization  in 
the  igneous  rocks,  however,  is  such  as  might 
have  been  effected  by  the  same  solutions  that 
produced  tho  deposits  in  the  sedimentary 
rocks. 

That  the  source  of  the  metal-bearing  solu¬ 
tions  is  the  igneous  material  that  forms  the 
stocks  in  the  region  is  indicated  by  the  location 
and  character  of  the  deposits.  The  principal 
mineralized  areas  (seo  PI.  XXVII)  of  both  the 
Cottonwood-Amcrioan  Fork  and  the  Park  City- 
regions  are  grouped  around  the  Alta-Clayton 
Poak  stock,  and  are  associated  with  fissures 
that  were  apparently  formed  at  the  time  of  its 
intrusion.  This  grouping  in  itself  suggests 
that  the  ore-bearing  solutions  were  derived 
from  the  intrusive  material.  Moreover,  the 
aphtie  and  pegmatitic  dikes  or  veins,  which 
were  evidently  late  phases  of  tho  igneous  activ¬ 
ity,  contain  sulphides  in  notablo  nrnount, 
suggesting  that  the  solutions  which  escaped 
from  the  igneous  bodies  carried  ore-forming 
materials.  The  association  of  diopsido  and 
|>yrito  both  in  aplitic  veins  and  in  contact 
deposits  is  especially  suggestivo.  The  deposits, 
notably  the  contact  deposits,  are  similar  in 
character  to  those  of  other  districts  where 
deposition  of  ores  by  solutions  emanating  from 
ignnous  sources  is  pretty  definitely  established. 
Iff  particular  significance  in  this  connection 
aro  magnetito  and  the  boron  mineral  luchvigito, 
for  the  boron  and  iron  were  dearly  transferred 
from  the  magma  to  tho  contact  zone. 

I  he  deposits  in  this  region  are  similar  in 
many  respects  to  those  of  the  Park  City  , 


district,  which  Boutwell 3  concludes  aro  gen¬ 
etically  related  to  tho  intrusivo  rocks.  Theyr 
differ  from  these,  however,  in  ways  that 
should  not  bo  overlooked.  Tho  ore  deposits 
of  the  Park  City  district  are  ail  in  the  Weber 
quartzite  and  higher  formations;  tho  known 
deposits  of  the  Cottonwood  area  arc,  with  few 
exceptions,  in  formations  below  tho  Weber 
quartzite.  Few  if  any  deposits  of  commercial 
importance  aro  closely  associated  with  tho 
Littlo  Cottonwood  stock  of  granodiorito,  in¬ 
truded  into  tho  pre-Cambrian  and  early  Cam¬ 
brian  rocks,  most  of  tho  important  deposits 
of  the  region  being  associated  with  the  Alta- 
Clayton  Peak  stock  of  quartz  diorite,  intruded 
into  Paleozoic  and  Mesozoic  rocks.  Moreover, 
thcro  is  a  general  increase  in  mineralization 
from  the  lower  to  the  higher  formations,  the 
ore  bodies  in  the  late  Pnleozoic  and  early 
Mesozoic  rocks  of  tho  Park  City  district  being 
more  valuable  than  any  known  in  the  earlier 
rocks  of  the  Cottonwood  area. 

It  is  needless  to  say  that  this  statement  doos 
not  imply  that  valuablo  deposits  do  not  exist 
in  tho  Cotton wood-American  Fork  region,  for 
several  such  deposits  have  been  developed; 
but,  so  far  as  known,  they'  arc  neither  so  large 
nor  so  continuous  os  those  in  the  Park  City 
district. 

Tho  greatest  mineralization  generally  occurs 
toward  the  top  of  intrusive  stocks  or  in  the 
adjacent  sedimentary'  formations  at  a  corre¬ 
sponding  horizon  (see  pp.  190-201),  and  there¬ 
fore  it  is  not  probnblo  that  tho  mineralization 
in  the  Cottomvood-vVmerican  Fork  area  was  as 
extensive  os  that  in  the  Park  City  district. 

alpine  district. 

By  G.  I’’.  I.ouoni.tN’, 

Tho  Alpine  mining  district  is  in  the  foothills 
of  the  Wasatch  Kange,  north  and  east  of 
Alpine,  which  is  ubout  5  miles  north  of  tho 
town  of  American  Fork.  It  includes  the 
southwestern  purt  of  the  Littlo  Cottonwood 
"rnnodiorito  stock  (seo  p.  239)  and  much  of  the 
great  limestone  series.  Cambrian  quartzite  is 
also  present  but  isnot  closely-  related  to  either  of 
the  two  properties  examined. 

Tim  only  fissure  deposit  in  igneous  rock  ex¬ 
amined  is  that  of  the  Lucky  Chance  mine, 


1  Foe  s  fuller  discussion  of  tho  jrnwU  see  Tart  I. 


1  Doulurll,  J.  V,  OeoIoKV  and  oro  dtjvonlti  of  Ibo  Park  City  district, 
cub:  V.  S.  Geol.  Survey  Prof.  Pa|wr  77,  p.  123, 1«U 2. 
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about  4  miles  north  of  Alpine.  The.  country 
rock  is  typical  granodiorite.  The  ore  occurs 
in  shear  zones  along  which  the  rock  has 
developed  a  highly  schistose  structure.  The 
shear  zones  strike  N.  60°  E.  and  X.  80°  W.  and 
dip  30°-60°  X.  They  appear  to  be  grouped  in 
a  belt  of  north-northeastward  trend,  100  feet  or 
more  wide  and  of  unknown  length. 

The  mineralized  rock  consists  principally  of 
quartz  that  fills  openings  and  more  or  less 
completely  replaces  the  sheared,  rock,  which  is 
colored  dark  green  by  micaceous  alteration 
minerals.  The  ore  minerals .  are  pyrite  and 
galena,  'llio  deposits  range  from  thin  sprink¬ 
lings  along  a  fracture  to  well-defined  lenticular 
reins  as  much  as  1  foot  wide  and  20  feet  long. 

Thin  sections  of  rock  that  is  but  moderately 
mineralized  show  greatly  shattered  feldspar 
and  quartz  as  chief  constituents.  The  feld¬ 
spars  are  traversed  by  veirdets  of  sericite  and 
calcite,  and  the  large  quartz  grains  by  reinlets 
of  minutely  granular  quartz.  Chlorite  in 
small  drawn-out  aggregates  represents  the 
original  biotite  of  the  rock.  Pyrite  in  small 
grains  is  closely  associated  with  the  reinlets 
of  sericite  and  quartz.  The  absence  of  mag¬ 
netite  suggests  that  its  iron,  with  probably 
some  from  the  biotite,  has  gone  to  form  the 
pyrite.  The  sericite  (if  it  is  all  of  the  potash 
variety)  implies  an  introduction  of  potash  to 
replace  the  soda  and  lime  of  plagioclase,  but 
the  principal  materials  introduced  appear  to 
have  been  water,  carbon  dioxide,  and  a  little 
sulphur. 

The  more  completely  mineralized  rock  shows 
in  thin  section  the  same  character,  but  the 
feldspar  and  chlorite  are  nearly  all  replaced, 
and  the  quartz  is  nearly  all  recrystallized. 
Secondary  quartz  is  abundant  and  sericite 
subordinate.  Galena  accompanies  the  pyrite. 
Both  ore  minerals  form  aggregates,  confined 
principally  to  the  network  of  veiulets  but  also 
sending  short  branches  into  the  inclosing 
minerals.  The  quantity  of  replacing  minerals 
in  this  rock  shows  that  silica,  iron,  and  lend, 
as  well  as  sulphur,  water,  and  carbon  dioxide, 
were  introduced.  Sericitization,  characteristic 
of  the  less  intense  alteration,  is  here  over¬ 
shadowed  by  silieification, 

A  small  shipment  from  this  mine,  made  a 
few  yours  ago,  ran  well  in  silver  and  com¬ 
paratively  well  in  gold. 

The  only  deposit  in  the  limestone  of  the 
Alpine  district  visited  by  the  writer  is  on  the 


Alpine-Galena  property,  near  the  mouth  of 
Boxclder  Canyon,  northeast  of  Alpine.  The 
country  rock  is  near  the  base  of  the  great  lime¬ 
stone  series  and  is  probably  of  Cambrian  age. 
The  only  ore  found  up  to  1912  was  in  small 
masses  of  silver-bearing  galena  nnd  lead  car¬ 
bonate  along  a  bedding  plane.  The  bedding 
plane  has  been  followed  down  about  50  feet 
to  a  small  body  of  leached  replacement  quartz 
originally  pyritie. 

The  mineralization  in  the  Alpine  district,  so 
fnr  as  disclosed  both,  in  the  Lucky  Chance  and 
in  the  Alpine-Galena  ground,  wms  of  the  same 
character  as  that  in  the  productive  mines  of 
the  Cottonwood-American  Fork  region,  but 
the  amount  was  decidedly  small. 

silver  lake  district. 

By  V,  C.  II hikes. 

The  Silver  Lake  district  is  in  Utah  County, 
15  miles  cast  of  American  Fork,  on  the  Denver 
&  Bio  Grande  and  Los  Angeles  &  Salt  Lake 
railroads.  The  district  was  organized  January 
28,  1871.  No  records  of  early  production  are 
available.  The  period  previous  to  1880  is 
renewed  by  Huntley,1  who  names  the  "Milk¬ 
maid  claim  as  the  principal  producer,  with  an 
output  of  813,000.  He  says  that  the  records 
showed  260  locations,  of  which  not  over  10 
were  held.  He  names  the  mines  of  the  district 
as  follows: 


Mines  of  Silver  Lake  distrirl. 


Mines. 

Total 

length 

ingu.  | 

Total  ' 
produce 

Remarks. 

Milkmaid. . . .  J 

Feel. 

535 

813, 000 

Ore  assays  30  per  cent- 
lead,  5S  ounces  silver, 

W:u<Ateh  Kin" 

370 

500 

and  a  trace  of  gold; 
sells  for  855. 

Ore  assays  1 1  ounces  fll- 

Austin . 

700 

None. 

ver  and  27  per  cent 
lead.  . 

Prom  200  to  300  tons  of 

Nebraska . 

250 

10  tons. 

ore  and  waste  oil  the 
dump. 

Ore  Rsaiivs  30  ounce#  all- 

ver  and  35  per  cetu 
lead . 

The  total  output  of  this  district  is  included 
in  the  figures  given  for  the  .American  Fork  dis¬ 
trict.  (See  p.  264.) 


i  Hun!  lev’,  0.  B.,  op.  cit p.  31.1- 


Wasatch  range. 
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PARK  CITY  DISTRICT.' 

GBOGRAPTIY. 

Park  City  is  on  flic  eastern  dope  of  the 
Wnsulch  Range.  in  the  north-central  part  of 
Utah,  about  25  miles  southeast  of  ami  3,000 
feet  above  Salt  Lake  City  and  7,000  feet  above 
sea  level.  A  branch  line  of  tho  Denver  &  Rio 
Grande  Railroad  unites  it  by  way  of  Parleys 
Park  with  Salt  Luke  City  (35  miles'! ,  and  a 
branch  line  of  the  Union  Pacific  Railroad  ex¬ 
tends  from  t!\e  main  line  at  Echo  (28  miles). 
It  thus  forms  a  most  convenient  outlet  point 
for  the  producing  mines  on  tho  slopes  of  the 
three  canyons  tbatlcad  southward  from  Parleys 
Park. 

The  Pork  City  district  lies  between  the  pre¬ 
cipitous  cliffs  and  ledges  that  mark  tho  main 
crest  of  the  range  and  the  verdant  mountain 
meadows  of  Hober,  Kamas,  and  Parleys  that 
he  along  its  eastern  foothills.  The  Park  City 
quadrangle  (see  PI.  XXVII)  contains,  near 
the  middle  of  its  western  border,  the  junction 
of  the  Wasatch  crest  with  the  Weber-Provo 
divide,  which  is  the  most  prominent  spur  on 
the  east  slope  of  the  central  Wasatch  and 
which  forms  u.  part  of  the  boundary  between 
Summit  and  Wasatch  counties,  and  a  connect¬ 
ing  link  between  the  Wasatch  and  Uinta 
ranges.  This  divide  juts  boldly  forth  from  the 
main  crest  a  mile  north  of  Clayton  Peak,  and 
thence  runs  eastward  for  3.1  miles  to  the  knob 
south  of  Bald  Mountain,  where  it  turns 
abruptly  northward.  The  north-south  part 
of  the  divide,  together  with  a  spur  extending 
southward  from  tho  elbow,  form  a  linear  ridge 
that  extends  entirely  across  the  quadrangle. 

These  main  crests  form  the  boundaries  of 


three  principal  slopes,  which  drain  to  the  east, 
south,  and  north,  respectively.  The  long  and 
gradual  eastern  slope,  deeply  incised  by  can¬ 
yons,  descends  from  the  Bald  Mountain  ridge 
toward  the  intermoutunc  lowland.  The  south¬ 
ern  slope  is  occupied  in  great  part  by  Bonanza 
Plat,  the  (loor  of  an  extensive  glaciated 
basin,  from  which  there  is  a  steep  acclivity 
to  the  crest  of  tho  Weber-Provo  divide.  The 
north  slope,  which  lies  in  the  elbow  of  this 
*livide,  is  deeply  cut  by  tour  narrow  steep- 


Hill  Ocwiialon  of  lbe  l’ark  c«y  dliiru  '  l*  largi  ly  ab-icdctcl  from 
***x,*a*y  oro  dcpnslu  of  lbe  Carle  t'lly  disirk-t, 
",  U,  8.  G-oJ.  Survey  I'rof.  1’  >p*-r  77,  Utli  TboW  desfriti*  iWrip- 

lb*?  of  morr  tlotaik  concvraiu$  the  i.vuiojcj*  ar-"  rvfc'JTu'd  to 

Fepctrt, 


sided  gulches — Thaynes,  Woodside,  Empire, 
aiul  Ontario — which  drain  to  East  Canvon 
Creek  and  tho  main  branch  of  Weber  River. 
On  this  slope  lie  Park  City  and  tho  principal 
mines  of  the  Park  City  district. 

The  climate  is  remarkably  bracing,  with 
short,  cool  summers,  short  autumns,  and  long, 
rigorous  winters  marked  by  heavy  snowfalls 
and  low  temperature.  Springs  and  water¬ 
courses  cut  by  underground  workings  flow  the 
year  round,  and  natural  rock  basins  at  the  foot 
of  the  pinnacle  of  Clayton  Peak  are  utilized  as 
reservoirs.  Water  for  domestic  purposes  is 
obtained  from  tho  Alliance  tunnel,  and  power 
for  the  Park  City  Electric  Light,  plant  from  the 
Ontario  drain  tunnel.  Water  from  the  Snake 
Creek  tunnel  is  also  utilized  for  hydroelectric 
power.  The  slopes  originally  supported  pine 
3  to  5  feet  in  diameter,  but  to-day  little  heavy 
timber  remains.  Young  aspen  is  common 
on  canyon  slopes,  and  the  higher  divides 
support  patches  of  scrubby  evergreens.  Fuel 
is  supplied  from  extensive  veins  of  good  coal 
at  Coalville,  2S  miles  north,  anil  from  the 
forest  growth  on  distant  parts  of  the  Wasatch 
and  Uinta  ranges. 

MINING  INDUSTRY. 

HISTORY. 

In  the  fall  of  I860  locations  in  Little  Cotton¬ 
wood  Canyon  became  so  numerous  that  the 
Lillie  Cottonwood  mining  district,  with  very 
nearly  its  present  boundaries,  was  cut  oil  from 
the  somewhat  extensive  Mountain  Lake  dis¬ 
trict.  Prospectors  continued  to  spread  into 
Bis  Cottonwood  and  American  Fork,  and  some 
crossed  the  divide  to  the  narrow  gulches  leading 
to  Parleys  Park. 

When  the  first  find  was  made  is  not  certain, 
hut  the  discovery  of  tho  Walker  &  Webster 
claim  in  1869  by  Rufus  Walker  and  a  subse¬ 
quent  find  of  ove  the  same  summer  by  Ephraim 
Hanks  are  the  earliest  notices  on  record.  The 
first  location  was  the  Easterly  Extension  of  the 
Young  America  lode,  made  on  December  23, 
1868,  mid  the  next  four  wore  the  Westerly 
Extension  of  the  Young  America  lode,  tho 
Young  America  lode,  tho  Yellow  Jacket  lode, 
and  the  Green  Monster  lode,  all  mado  in  the 
following  month.  The  first  shipment  of  ore 
from  this  region,  called  in  the  records  Parleys 
Park,  is  said  to  have  been  40  tons  for  the  month 
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of  July,  1870.’  Later  records  credit  it  to  the 
Flagstaff  mine.  The  Pifion  mine  in  1871  had  a 
largo  body  of  galena  and  carbonate  ores,  said 
to  essay  30  to  230  ounces  to  the  ton,"  and  is 
said  to  have  contracted  to  deliver  20  tons  a  day 
to  a  smelter  to  bo  erected  at  Ogden.  In  the 
same  yeur  the  Flagstad,  Wnlker  &  Webster, 
Wild  Bill,  Rocky  Bar,  and  other  prospects  were 
located.  All  uro  said  to  have  been  lead  mines, 
principally  carbonate,  in  limestone. 

The  increasing  number  of  locutions  outgrew 
the  supervision  of  the  Mountain  Lake  district, 
which  up  to  that  time  had  included  this  area, 
and  the  L'intu  (organized  November  18,  1869), 
and  tho  Srtako  Creek  and  Blue  Ledgo  districts 
(established  April  or  May,  1S70)  were  set  off 
from  it.  Parts  of  these  three  districts  form 
what  is  now  commonly  known  ns  the  Park  City 
district.  Tho  Uintu  district  lies  in  tho  southern 
part  of  Summit  County  and  embraces  all  the 
present  large  mines  in  tho  Park  City  area;  the 
Blue  Ledge  uud  Snake  Creek  districts  are  in 
Wasatch  County  and  bound  tho  Uinta  district 
on  tho  east  and  south,  respectively. 

In  1872,  about  two  yoars  after  the  first  loca¬ 
tions  were  made,  the  famous  Ontario  ledge  was 
discovered.  Rector  Steen  describes  this  dis¬ 
covery  in  these  words:-1 

I  camped  in  a  brush  shanty  for  six  months  at  (lie  branch 
Just  below  the  Ontario,  wailing  for  the  snow  to  melt  off. 
I  went  then  to  what  is  called  the  Badger  mine,  and  about 
tho  loth  of  June,  1872,  we  discovered  tho  Ontario  mine. 
There  stood  right  near  this  mine  a  pine  tree,  and  near  by 
was  a  lino  spring.  IVe  camped  under  this  tree  and  got 
water  from  tho  spring.  When  we  discovered  this  name  we 
found  a  little  knob  slicking  out  of  the  ground  about  2 
inches.  *  *  *  We  lind  the  rock  assayed  and  it  went 
from  100  to  100  ounce*  to  the  ton.  Wo  cold  the  mine  to 
Heamt  and  Stanley  on  the  21st  day  of  August,  1S72,  for 
527, COO.  My  partners  were  John  Knin  and  Gus  McDowell. 


With  tho  inception  of  the  Ontario  began  an 
effort  to  mine  lode  ores.  The  Pifion,  Walker  & 
Webster,  Flngstuff,  McHenry,  Buckeye,  and 
other  mines,  soino  of  which  were  discovered 
beforo  the  Ontario,  had  opened  small  oro  bodies 
and  had  shipped  small  amounts  of  marketable 
oro  from  time  to  time,  but  in  comparison  with 
tho  Ontario  nono  of  them  were  eouspicuous. 


■  Kay  mood,  K.  W.,  SlathUa  o(  miorsuod  rniiih  •  In  the  Slates  .md 
Terrllorto*  west  of  tin  Roctv  Mountains  for  IsTO,  p.  223,  IS72',  quoted 
Croat  a  Salt  l.iitcn  Ctly  CMrwpoudcnt. 

•Idem,  W71,p.S20,  t>;3. 


•  Letter  from  Rector  Streu  to  J.  M.  DuutwcU  dated  J>c’  10  19 
SUcn  «tw  living  lu  ill  r!  In  1*2  it.  tho  enjoyment  of  good  hcall 
bavin*  lr n  tor  bis  old  bom*  tb«  day  after  (bo  Ontario  sulo. 


Machinery  and  some  other  articles  had  to  be 
hauled  35  miles  from  Suit  Lake  Cily  or  24  miles 
from  Echo  City,  but  fuel  and  timber  wore 
'  abundant. 

The  Mat's tu:  Co.,  which  had  bought  tho  Flow- 
staff  mini),  and  the  McHenry  Co.  each  built 
j  a  stamp  mill  during  the  summer  of  1S74,  but 
from  lack  of  ore  neither  was  largely  used  that 
year.  Tho  Ontario  people  then  rented  the 
!  McHenry  mill  and  treated  ore  there  in  1875. 
It  also  leused  tho  Marsac  mill  but  abandoned  it 
on  the  completion  of  tho  Ontario  40-stamp  mill. 
In  the  same  year  the  first  concentrator  of  tho 
camp  was  erected  to  work  over  the  Ontario 
tailings.  In  February,  1876,  the  Ontario  mine 
alone  was  producing  514,000  a  week,  and  the 
whole  camp  was  producing  820,000. 

The  Daly  Co.  began  work  on  the  western 
extension  of  the  Ontario  vein;  tho  tramway 
from  the  Crescent  mino  to  the  town  was 
finished,  and  three  or  four  small  producers 
swelled  tho  shipments  of  the  camp.  This 
renewed  activity  was  enhanced  by  an  advance 
in  the  metal  market  which  aroused  many  old 
and  abandoned  mines  carrying  low-grade  ore. 
As  a  result  the  producing  area  outside  of  tbo 
Ontftrio-Daly  properties,  which  hnd  hitherto 
been  restricted  to  Crescent  Ridge,  became 
centered  on  Treasure  Hill,  which  thenceforth 
rivaled  tho  Ontario-Doly  vein.  For  some 
years  longer  lode  mining  continued,  but  tho 
activity  on  Treasure  Hill  wus  the  beginning  of 
mining  bed  ores,  which  continues  still.  In 
1888  lode  mining  was  given  new  life  by  tbo 
owners  of  the  Ontario  mine  when  they  began 
its  3-mile  drain  tunnel.  Their  example  was 
followed  by  tho  owners  of  the  Anchor  and 
Alliance  mines.  The  pussage  by  Congress  of 
a  law  providing  for  the  purchase  of  4,500,000 
onnees  of  silver  a  month  greatly  improved  tho 
silver  market,  increased  tho  output  of  tho 
Utah  mines,  and  caused  general  prosperity. 

In  1S92,  however,  silver  dropped  to  83  cents 
an  ounce — tho  greatest  decline  then  on  record. 
Tho  effect  on  tho  annual  output  of  Summit 
County  wus  scarcely  noticed,  owing  to  the 
advent  of  two  new  producers,  the  Silver  King 
and  Mayflower;  but  it  was  seen  iu  tho  passing 
of  tho  Ontario  dividend  and  the  closing  of  tbo 
Crescent,  Woodsidc,  and  Daly  West  mines. 
The  production  of  silver  in  Utah  stcadjy 
decreased  after  1891,  but  that  of  Park  City 
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curiously  increased  till  1893,  when  it  suddenly 
foil  off.  TUo  mines  of  Park  City  worked  only 
intermittently  during  that  year;  even  the  On- 
tario-Dnlv,  which  in  1892  was  producing 
nearly  three-fourths  of  the  Park  City  product, 
fell  off  one-third.  The  year  1893  marked  the 
beginning  of  cheaper  methods,  more  effective 
savin*,  relief  from  water,  ami  realizing  from 
other  metals  besides  silver,  all  of  which  aided 
greatly  in  raising  tho  output  of  tho  camp. 

In  1897  the  price  of  silver  dropped  to  54 
cents.  In  consequence  the  Daly  West  and 
Ontario  mines  closed  down,  but  the  silver-lead 
producers,  of  which  the  Silver  Kin*  was  the 
lender,  were  able  to  withstand  the  low  metal 
market.  Lower  prices  caused  new  economies 
in  mining  and  reduction.  Largo  concentra¬ 
tion  mills  gave  an  Increased  capacity  for  low- 
.rrade  ores.  Rich  smelting  ore  was  discovered 
fn Quincy  ground  in  1901  which  quickly  placed 
Hint  property  at  the  head  of  tho  list  of  pro¬ 
ducers,  and  tho  camp  again  assumed  the  lead 
in  the  production  of  silver  in  Utah. 

In  general  tho  recent  period  has  been  one  of 
coutinued  mining  of  rich  ores  and  an  increase 
in  the  nulling  ores  produced,  which  have  been 
made  profitable  through  improved  methods  of 
mining  anti  metallurgy. 

WATER  SUPPLY  AND  MINE  DRAINAGE, 

Mountain  lakes,  springs,  and  mine  openings 
afford  sufficient  and  excellent  water;  and  the 
large  flows  of  water  fvoni  the  deep  drainage 
tunnels  furnish  hydraulic  power.  Many  of  tue. 
mines  have  been  very  wet,  and  the  handling  of 
tho  water  has  been  a  great  problem.  In  the 
early  days  pumping  was  \ised,  hut  ultimately 
drainage  tunnels  were  extended  to  progres¬ 
sively  greater  depth,  culminating  in  tho  Ontario 
and  Snake  Creek  tunnels.1 

REDUCTION. 

CHARACTER  OF  ORES. 

The  ores  of  the  Park  City  mines  are  of  both 
smelting  and  milling  grades.  Many  large 
bodies  of  first-class  ore  have  brought  t:io  camp 
its  reputation  for  bonanzas.  Recently,  how- 
<wer,  extensive  bodies  of  low-grade  ore  have 
been  opened,  and  more  and  more  attention  has 
been  given  to  concentration. 


Tho  Park  City  ores  carry  high  contents  of 
lead  and  silver  with  accessory  gold  and  copper. 
The  first-class  ore  is  essentially  sulphides  of 
lead  (galena),  copper,  and  iron  (tetraliedrile) 
with  high  accessory  silver  values.  This  com¬ 
bination  together  with  carbonates  and  oxides 
constitutes  tho  normal  smelting  ore. 

The  milling  ores  are  made  up  of  galena,  py- 
rito,  and  zinc  blende  scattered  through  a  quartz 
gangue.  The  silver  lies  in  the  pyrite  and  in  the 
galena.  Henco  tho  problem  in  concentration 
is  to  save  the  galena  and  pyrite,  together  with 
any  chalcopyvito  and  tetrahedrite  which  may 
he  present,  and  to  throw  out  silica  und  all  the 
zinc  bleudo  in  excess  of  tho  allowance.  In 
practice  difficulty  is  found  in  saving  the  silver, 
which  tends  to  escape  with  the  fines.  Unusu¬ 
ally  high  savings  are  now  effected. 


CONCENTRATION. 


'  Tu  htitiry  o(  tho  diitlttaso  problem  I  I  dtUM  In  linutwell,  J.  M.. 
,v  dr,  r?  i4-M. 


In  a  broad  sense  tho  milling  of  Park  City  ores 
falls  into  three  periods  characterized  by  differ¬ 
ent  methods— the  early  experimental  stage, 
relying  chiefly  on  mechanical  means;  the  inter¬ 
mediate  stage,  in  which  both  chemical  and 
physical  methods  were  employed;  and  tho 
third  stage  marked  by  the  purely  physical 
processes  of  modem  wot  concentration. 

During  1874  and  1875  three  20-stamp  mills 
wero  built  and  put  into  operation.  All  used 
simple  devices  for  separation.  The  intermedi¬ 
ate  stage  was  marked  by  enlargement  of  the 
leading  mills  and  by  refinement  and  develop¬ 
ment  of  processes,  dry  crushing,  chlovidizing- 
roasting,  and  pan  amalgamation  being  used. 
In  1 880-1 S82  the  Mnrsnc  mill  was  remodeled 
and  fitted  with  dry  kilns  and  water,  and  a 
process  which  was  largely  chemical  was  de¬ 
veloped.  Its  inventor,  Russell,  in  addition  to 
extracting  the  silver  by  normal  lixiviation 
methods  after  cnloridiziug-roasting,  sought  by 
new  methods  to  produce  bullion  free  from  lead 
and  to  minimize  or  abandon  the  ehloridizing- 
ronsting.  His  process2  consisted  in  general 
of  (1)  matting  the  sulphides  in  an  iron  pot; 
(2)  roasting  the  pulverized  matte- in  a  rnuflle 

•  SUtsMdl.  C.  A.,  BtuntU'*  Improved  pra-ra  for  tl>«  lixiviation  ol 
ell-erort,:  Tmos.Aiu.ImI.MIii.  Rn*.,vol.lHpp.tT-l!8,l#tt.  Pmaott, 
Fllstrorth.  Tlio  Jluwell  ■  «  ln  *'s  pra-'tloj  applications:  Turns. 
Am  I  rut  Min.  En*.,  vd.  14,  pp.  *«-»#.  Amalgamation  4t  the 
Ontario  mill  c  ,mp»fod  aith  the  Ru-  -ell  pr  s  eas  at  tb«  Man -«•  mill:  r  n*. 
Jmi  Min.  Jcnr.,  Mar..  1*81.  Si.toi.Mt,  C.  A.,  The  Mar«r  raf.nwy.  Pari 
Cllv,  Ctah:  Tronx.  Am.  Inst.  Min.  Ft«.,  rnl.  21,  pp.  234- ?J», 
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furnace;  (3)  dissolving  the  rousted  matte  in 
dilute  sulphuric  acid ;  (4)  crystallizing  from  the 
solution  bluestone  which  is  used  ill  the  mill  for 
preparing  Itussell’s  extra  solution ;  (5)  washing 
the  silver  residue,  pressing  it  into  cakes,  and 
melting  the  diy  cakes  to  bars. 

While  these  two  processes,  lixiviation  and 
amalgamation,  were  being  thoroughly  tried  out 
the  initial  steps  in  the  direction  of  modem  wet 
concentration  were  being  taken.  “In  a  build¬ 
ing  near  the  Marsac  mill  and  owned  by  that 
company  four  McKim  concentrating  machines 
were  used  successfully  to  concentrate  both  the 
tailings  of  the  Ontario  and  the  second  tailings 
of  the  some  mine  after  they  had  passed  through 
the  Marsac  mill.”  *  These  pioneer  machines 
originated  at  Purk  City  and  were  patented  Feb¬ 
ruary  15,  1S76. 

The  Crescent  Co.,  after  endeavoring  to 
smelt  its  ores  without  success,  remodeled  the 
old  Crescent,  mill  in  1S86  and  refitted  it  with 
additional  machinery,  including  seven  Fruc 
runners,  two  Huntington  rolls,  two  Cornish 
rolls,  and  two  rock  crushers  and  screens, 
which  raised  its  capacity  to  100  tons  a  day. 

In  1889  the  Union  concentrator  was  erected 
in  Empire  Cluleh  and  equipped  to  handle  100 
tons  a  day  by  the  general  method  of  modern 
wet  concentration.  It  started  in  July  and 
first  ran  on  10,000  tons  of  Woodside  ore 
averaging  815  a  ton.  The  Mayflower  mill  was 
built  soon  after  in  Woodside  Canyon,  and  the 
Union  mill,  which  had  been  running  on  custom 
ores,  was  gradually  restricted  to  the  Anchor 
ores. 

The  wet  concentration  process  was  so 
successful  that  it  gradually  supplanted  the 
others,  and  during  the  nineties  each  of  the 
great  companies  erected  u  large  mill  on  its 
own  property  for  the  treatment  of  its  own  ores 
by  this  method.  Each  of  these  mills  has  been 
enlarged  and  remodeled  more  than  once,  and 
other  mills  have  been  built. 

The  Daly  West  mill  was  built  in  the  middle 
nineties  at  a  moderate  cost  aDd  bad  a  capacity 
of  50  tons  a  day.  In  1900  it  was  remodeled 
and  since  then  has  been  enlarged  and  rendered 
more  and  more  efficient,  until  late  in  1904  it 
treated  400  tons  daily. 

The  Daly-Judge  mill  was  built  and  then 
greatly  enlarged  in  1902  and  subsequently  ro- 

1  UariUfy,  I).  B.,  Tffnlh  C*n.nn  V.  S.,  vol.  IJ,  p.  441,  193. 


I  modeled  without  having  run  long  on  ore.  It 
has  a  capacity  of  500  tons  a  day  und  is  the 
largest  in  camp.  It  does  not  differ  in  geueral 
plan  and  process  from  the  Daly  West  mill 
described  above. 

The  Silver  King  plant  is  the  most  complete 
and  the  most  expensive  in  the  district,  and  in 
equipment  and  efficiency  is  excelled  at  very 
few  camps. 

The  mill  erected  at  the  Kearns-Kcith  prop¬ 
erty  in  1903  is  an  exact  duplicate  of  a  single 
unit  of  the  Silver  King  mill.  The  ore,  how¬ 
ever,  differs  considerably  from  that  of  the 
Silver  King,  being  largely  of  milling  grade  and 
high  in  zinc,  blcndo  und  iron.  A  fairly  satis¬ 
factory  concentrate  was  obtained. 

In  1904,  both  the  w'alls  and  the  interior  of 
the  old  Ontario  amalgamation  mill  were 
remodeled  and  a  modern  plant  for  wet  con¬ 
centration  was  installed.  The  remodeled  mill 
was  started,  in  February,  1901,  with  a  small 
initial  equipment,  wrhich  was  increased  after 
some  experimenting.  In  1912  the  capacity  of 
the  mill  was  150  to  200  tons  a  day. 

Smaller  mills  at  other  mines  are  run  intermit¬ 
tently.  The  Comstock  mill  is  reported  to  have 
a  capacity  of  120  tons.  The  equipment  com¬ 
prises  a  wet  crusher,  3  cylindrical  screens,  3  jigs, 
and  1  Huntington  and  6  Wilflcy  tables.  A  small 
mill  at  the  California  mine  comprises  the 
equipment  of  the  old  Sampson  mill  wTith  some 
additions  and  adaptations,  and  Is  understood 
to  have  given  fair  satisfaction  in  the  treatment 
of  the  highly  zinciferous  ores.  In  W oodside 
Canyon  just  below  the  Silver  King  plant  the 
old  Mayflower  mill  has  been  run  for  a  part  of 
each  year  oti  old  dumps  and  tailings.  In 
Empire  Canyon  several  small  temporary  plant* 
from  time  to  time  rework  the  tailings  from  the 
Dalv  West  and  Duly-Judge  mills. 

TREATMKNT  O'/  ZI NC  0RE8. 

Numerous  efforts  to  separate  mid  to  save 
the  zinc  have  been  made.  Considerable  r-inc 
blende  occurs  in  the  sulphide  ores,  more  PAr" 
ticularly  in  those  from  the  deeper  parts  of  the 
veins  and  from  the  western  section  of  the  dis¬ 
trict.  Among  the  large  producers  tho  onlj 
mines  that  yield  rich  zinc  ore  oro  the  V>  } 
West  and  Daly  Judge.  The  average  percent 
ages  of  tho  main  constituents  in  the  concen¬ 
trated  ores  of  these  mines,  which  consist  aluios 
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entirely  of  sulphides,  are  as  follows:  Daly 
Judge  mine,  lead  8  to  10  per  cent,  zinc.  S  to  10 
per  cent,  iron  6  to  10  per  cent;  Daly  West  mine, 
lead  4  to  6  per  cent,  zinc  6  to  8  per  cent,  iron 
<1  to  6  per  cent.  In  1904  the  Ontario  milling 
ore  averaged  6  per  cent  zinc.  Tho  California 
and  Comstock  ores  also  carried  much  zinc. 

Tho  zinc  blende  (.specific  gravity,  3.9  to  4.1) 
usually  occurs  in  ft  quartz  gangue  associated 
with  pyrito  (specific  gravity,  4.95  to  5.1), 
galena  (specific  gravity,  7.4  to  7.6),  utid  a  small 
amount  of  chalcopyrito  (specific  gravity,  4.1 
to  4.3).  Gravity  methods  of  wet  concentra¬ 
tion  separate  zinc  blende  from  galena  but  will 
not  separate  it  from  chalcopyrite  and  pyritc, 
which  too  nearly  equal  it  in  specific  gravity. 

The  particular  characters  of  the  respective 
ores  also  present  special  problems. 

In  August,  1902,  a  pliant  to  save  the  zinc 
from  the  Park  City  ores  was  built  by  the  Park 
City  Metals  Co.  According  to  Mr.  Glazebrook, 
its  former  superintendent,  it.  embraced  tho  old 
Peek  concentrator  building,  roaster,  and  sepa¬ 
rator,  and  important  new  machinery.  The 
equipment  comprised  one  cylindrical  furnace, 
a  Howell  and  Hoyt  roaster,  a  IIooc  couveyor 
and  magnetic  separator-,  and  six  Wilfiey  tables. 
Over  1,000  tons  were  successfully  treated  by 
this  process.  It  is  stated  that  one  lot  of  35 
tons  ran  55  per  cent  zinc,  that  the  average  was 
about  52  per  cent,  that  tho  product  rarely  fell 
to  48  per  cent,  and  that  in  the  ultimate,  rejec¬ 
tion  the  tailings  loss  was  not  over  5  per  cent 
of  zinc.  The  plant  burned  to  tho  ground  in 
May,  1903,  and  the  company  being  unable  to 
obtain  a  renewal  of  its  contract  for  middlings 
did  not  rebuild. 

SAMPLINO  AND  SMELTING. 

The  concentrates  and  crude  ores  from  all  the 
properties  in  the  district  lire  shipped  for  reduc¬ 
tion  to  a  custom  smelter  at  Murray,  8  miles 
south  of  Salt  Lake  City.  The  ores  from  the 
Silver  King  mine  "are  sampled  at  tho  mine 
and  thence  go  directly  to  the  smelter.  The 
ores  from  all  tho  other  properties  in  the  camp 
are  sampled  at  tho  Park  City  sampler,  on  the 
northern  boundary  of  Park  City,  and  aro  then 
shipped  to  tho  smelter. 

Siuco  Boutwell's  review  of  milling  in  the  dis- 
trict  (outlined  above)  was  written  the  progress 
in  milling  has  perhaps  been  most  marked  in  the  ( 
development  of  methods  for  tho  separation  of  I 
35410“ — 19 - 19 


a  marketable  zinc  product  and  in  the  develop¬ 
ment  of  a  chemical  method  of  treatment  of 
second-class  ores  of  the  Ontario  mine  that  could 
not  be  profitably  treated  in  the  older  mills. 

I  ho  oil  flotation  process  is  now  extensively 
used  in  the  milling  of  tho  ores,  and  metallic 
zinc  is  being  produced  in  the  district  by  the 
olectrolvtic  treatment  of  the  ores. 

KETAl  CONTENT  OF  ORES. 

By  V.  0.  IT kikes. 

The  following  synopsis  of  the  character  and 
metal  content  of  tho  ores  produced  in  the  Park 
City  district  in  recent  years  is  compiled  from 
the  records  of  the  United  States  Geological 
Survey. 

DRY  on  SILICEOUS  OWES. 

Tlie  dry  or  siliceous  ores  shipped  to  smelters 
from  tho  Park  City  region  aro  gold  and  silver 
ores  carrying,  on  an  average,  very  little  copper 
and  too  little  lead  to  be  of  value.  Tho  largest 
producer  of  this  kind  of  oro  lias  been  the 
Ontario  mine,  which,  for  the  greater  part  of 
the  last  decade,  1ms  been  worked  by  lessees, 
who  shipped  considerable  of  tho  stopo  fillings. 
During  1913  and  1914  important  quantities 
of  silver  bullion  have  been  extracted  in  the 
mill  by  the  Ilolt-Dern  leaching  process  of 
e h lorid izing-roas ting.  Tho  average  of  the  ore 
treated  is  not  included.  The  Now  York  and 
American  Flag  properties  were  also  important 
shippers  of  this  class  of  ore.  The  quantity  und 
a  verage  metallic  contents  of  the  dry  ore  shipped 
from  the  Park  City  region  for  each  year  during 
tho  last  decade  are  us  follows; 


Quantity  and  average  melaUie  contents  of  dry  or  siliceous  ores 
-produced  ’in  tin  Park  City  region  and  shipped  to  mu  tter*, 
1905-191 7. 


Year. 

Quan¬ 

tity 

(short 

tons). 

Gold 

(value 

per 

ton). 

Silver 

(ounces 

per 

ton). 

Cop¬ 

per 

(por 

cent). 

Lead 

(per 

corn). 

Aver¬ 

age 

gross 

value 

per 

ton. 

1005 

a  16,  204 

$0.30 

5. 13 

1.53 

$4.88 

1907  . 

2, 477 

5.46 

39.01 

.01 

31.25 

1908 . 

1,990 
1, 132 

7.09 

24.62 

0.24 

1.00 

22.22 

1909 . 

7.95 

21.44 

.  17 

.SO 

20.24 

1910 _ 

2,713 

7. 26 

25. 50 

.42 

.6-1 

22.  67 

1911 . 

4,231 

1.44 

21.  13 

.02 

.03 

12.  89 

1912 . 

1,032 

1.18 

21,81 

.12 

4.01 

20. 45 

1913 . 

1,635 

.63 

37.  93 

.51 

4.24 

28.85 

1913 . 

2, 730 

.49 

27.  29 

.0-1 

1.52 

15.90 

191G . 

8, 013 

.56 

25.  38 

.07 

.60 

18  45 

1917 . 

12,277 

.64 

20. 74 

.06 

1.  61 

28.  28 

„ Ontario  stop*  flUinss  principally.  *  Non*. 
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ORE  DEPOSITS  OF  UTAH. 


COPI-Elt  ORE, 

The  copper  ores  include  those  carrying 
over  2J-  per  cent  of  copper.  The  Valeo  and 
Odin  properties  have  shipped  most  frequently. 
The  average  of  these  ores  is  as  follows: 


Quantity  and  average  metallic  content*  of  copper  or pro¬ 
duced  in  the  Park  City  region  avd  shipped  to  tnwlten, 
1909-1909,  ‘1914-1917. 


Year. 

Quan¬ 

tity 

(short 

tons). 

Gold 
(value 
per  too). 

.Silver 
(ounces 
per  ton) 

Copper 

.(per 

cent.). 

Average 

gross 

value 

per 

ton. 

1900 _ 

1(10 

$0,  8! 

0.81 

3.33 

$14.23 

l'.K>7 . 

1, 293 

.37 

.SO 

3.01 

13. 49 

1909 . 

07 

.03 

1.23 

6.61 

IS.  4*1 

101*1 . 

10 

1.87 

1. 33 

5.  11) 

.10 10 . 

lfllG'* . 

23 

.00 

1.03 

a  78 

M.  36 

1017 . 

41 

5.  13 

7.06 

42.  62 

«  Now. 


i.KAll  01«E  AND  CONCENTRATES, 

In  general  the  crude  lead  ores  and  concen¬ 
trates  are  those  that  contain  over  4  V  per  cent 
of  lead.  The  regular  shippers  of  this  class  of 
crude  ore  have  been  tho  Silver  King  Coalition 
Daly-Judge,  Daly  West,  Duly,  and  Silver 
King  Consolidated  and,  in  less  degree,  the 
Little  Bell,  Ontario,  New  York,  Naildriver 
Creole,  Kearns-Keith,  American  Flag,  Jupiter 
Old  Curtis,  Rcvolator,  J.  I.  C.,  Comstock, 
Wabash,  Woodside,  California,  Kennedy  Group, 
and  Ken  nelly.  Load  concentrates  have  come 
in  recent  years  from  the  Silver  King  Coalition, 
Daly  West,  and  Daly-Judge,  and  in  earlier 
years  from  tho  California,  Comstock,  Ontario, 
Kearns-Keith,  Little  Bell,  Kennedy,  Daly,  and 
Charles  Moore.  The  quantity  and  nvernge 
grade  of  the  crude  lead  ore  and  concentrates 
is  as  follows: 


Quantity  and  average  metallic  contents  of  had  ore  produced  in  the  Park  City  region  and  shipped  to  smelters,  1993-1917. 


Credo  ore. 


100.1 
1904 
1000 
1906 
1907. 
190.8 
100!) 
1910 
1011 
1012 
1013 
101 1 
1910. 
1916. 
1017. 


Year. 


Quantity 

(short 

ions). 

Gold 
(value 
per  ton). 

Silver 
(ounces 
per  tou). 

100, 980 

$2.  37 

■54.  76 

91,871 

2.  27 

45.88 

51,338 

4.  42 

47.  17 

69,  743 

2.56 

4L36 

*16, 864 

1.98 

35.53 

32, 106 

1.  59 

52.82 

41,521 

1.  15 

41  16 

27,427 

1.  12 

41  78 

38, 358 

1.  19 

4165 

30,987 

1.06 

55.30 

33,952 

1.47 

58.  60 

37,  326 

1.62 

49.  7*1 

66,355 

1.04 

47.  19 

43, 236 

1.76 

46.  51 

48,  436 

1.  36 

36.  17 

Copper 

(per 

cent). 

Lead 

(por 

ceut). 

Average 
gross 
value 
per  ton. 

1.  40 

27.  85 

$59. 16 

.85 

23.06 

50.87 

.69 

27.  05 

60.  79 

.60 

21.03 

57. 19 

.59 

20.  70 

49.71 

.50 

29.  73 

56,09 

1.51 

30.  19 

52  25 

1.39 

24.  29 

45.17 

.70 

23.  40 

47. 12 

1.59 

25.  32 

63. 11 

1.  63 

30.00 

68. 47 

1.57 

24.  OH 

62.79 

1.57 

26.  96 

55.  S3 

1.29 

23.  36 

70.96 

.77 

20.  53 

70.63 

Concert  Iralea. 


1903 . 

0.  96 

31.08 

$2.  10 

4*1.  eo 

$54. 90 

J4,  1  /  o 

2.  1  o 

46.  79 
45.  60 

.  82 

32.  1 1 
26.08 

59.  Ui 

ol,  oU7 

2.  26 

.84 

57. 

oo,  b'JU 

2.  40 

32.  85 
20.  98 

.  54 

29. 15 

oU.  Co 

«J4,  lUo 

1.  95 

.47 

24.  61 
29.  70 

49.  b» 

40,  IMjL 

L  54 

1.  12 

28.  58 

.34 

42.  W 

oU,  IM 1 

29.  19 

.62 

37.  56 

45.  9- 

OH,  ‘I/O 

1.  0*1 

30.  67 

.92 

33.  08 

49.  vo 

47,  yiJ6 

39,  763 

1.  01 
.97 
.98 
1.42 
.81 
1.24 
1.31 

31.  85 
•13.58 
39.  23 
29.  83 
31.  20 
27.  11 
25.  90 

.70 
1.  18 
.83 
.67 
.90 
.78 
.77 

29.  72 

32.  10 
30.09 
26.  70 

33.  14 
2G.  96 
23.  94 

46. 

60.56 

34.356 
25.  071 
27, 264 

53.69 

40.W 

50.97 

23,618 

27.27S 

60. 16 
68.08 

WASATCH  RANGE. 
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COPPER-LEAD  ORES. 

Copper-lead  ores  arc  classified  according  to 
(lie  same  method  as  tho  copper  and  the  lead 
ores.  The  producers  wore  the  Columbus  ntul 
Mario  properties,  in  1905  and  1906.  The 
quantity  and  average  grade  of  the  ore  shipped 
was  ns  follows: 


Quantity  and  average  metallic  contents  of  copper-lead  arc 
produced  'In  the  Park  City  region  and  shipped  to  swelter*, 


1 

Quan-  ^ 

Gold  ^ 

1 

1 

A  ver- 

, 

Silver 

Cop- 

age 

Year. 

tit  V 

(value 

louneva 

per 

(per 

cent). 

JTTOS9’ 

(short 

per 

per  ' 

!  <p« 

value 

tons). 

ton). 

ton). 

1  cent). 

| 

per 

ion. 

1905 . -1 

10  ^ 

$2.  10 

55.00 

1  3.50 

13.50  ' 

*58.  70 

1900 . 

■10 

_ 

1.02 

55.00 

1  3.50 

13.00  | 

lit:.  77 

ZINC  CONCENTRATES. 


The  zinc  concentrates  shipped  are  those 
usually  containing  over  25  per  cent  of  zinc, 
but  in  the  Park  City  region  it  had  been  the 
practice  until  1912  to  make  a  middling,  which 
was  re-treated  at  separator  plants.  The 
Daly-Judge  mill  has  most  frequently  produced 
this  kind  of  product,  which,  -  at  first,  was 
treated  at  a  plant  in  north  Salt  Lako  City,  later 
at  the  Grassolli  mill  nenr  Park  City  aud  at 
Midvale.  Better  concentration  methods  at 
the  mills  connected  with  the  m  ines  have  allowed 
the  shipment  direct  to  zinc  smelters.  The  loss 
of  considerable  zinc  and  some  lead  at  the  Park 
City  mills  caused  tho  erection  of  many  small 
plants  during  different  years  to  re-treat  the 
tailings  lodged  along  Silver  Creek.  The  pro¬ 
ducers  of  straight  zinc  concentrates  with  little 
lead  were  the  Daly-J udge,  Duly  West,  and  Dalv 
mines.  The  quantity  and  average  grade  of  the 
zinc  concentrates  shipped  is  ns  follows: 


Quantity  and  average  metallic  content*  of  tint  corur  ntrates 
produced  in  the  Park  City  region  and  shipped  to  am, her* 
J90S-IV17. 


Year. 

| 

Qnan-  Gold 
lily  avaluo 
(short  per 
tons',  ton' 

) 

Silver  1 
(ounces 
per 
ton). 

1 

Cop¬ 

per 

(per 

ceutt 

bead 
(per 
cent ), 

Zinc  a 
(per 
Cellt) 

Aver¬ 

age 

gross 

value 

per 

ton. 

1905.... 

90 

50.  (19 

36.  33. 

2.  OS 

3.  33 

31  75 

*72.31 

1906... 

8, 921' 

.  50 

3.  22 

IS.  77 

29.  00 

1908.... 

3, 153 

.02 

.« 

.07 

22.  29 

21  46 

taw.... 

17,  969 

.  42 

5.  14; 

. 

2  03 

17.58 

23.  85 

1910.... 

8,  162; 

.01 

17.  IS: 

5.  it; 

31.98 

49.  63 

1911.  ... 

8,  1S9, 

.  19 

4.  SO 

.06 

2.  38 

27.60 

36.  38 

1012.... 

11. 9  is! 

.  25 

13.  72; 

.  16 

3.  38 

33.  48 

58.  17 

1913.... 

(5,791 

.23 

18. 19 

.09 

4.  45 

35.  7  5 

55.  46 

1914 . . . . 

•1.413 

,  35 

13.  39 

.  04 

2.  96 

35.  95 

46.  H4 

1915.... 

11,  1(12 

.36 

14.  19 

.116 

3.  57 

34.  81 

97.46 

1910... 

7. 308 

,  3(5 

iLfla 

.02 

2.  67 

33.511 

103.  45 

1917.... 

8,083, 

.24 

14.21 

.57 

2.  19 

31.  68 

83.47 

a  Amugn  ivpnn.vittf  rccovvmblo  zinc  In  middling.  Tonnage 
i*uet  final  product  shipped  to  smellers. 


LEA D-ZINC  CONCH NTUATEH . 

Tho  lead-zinc  concentrates  shipped  were 
usually  brought,  to  a  higher  degree  at  separa¬ 
tion  mills.  The  Daly-Judge  and  Daly  West 
were  the  largest  shippers.  Tho  quantity  and 
average  grade  of  the  lead-zinc  concentrates  is 
ns  follows: 


Quantity  anti  average  metallic  contents  of  lead-zinc  concen¬ 
trates  produced  in  the  Park  City  region  and  shipped  to 
smelters,  190o-t!tl7. 


Year. 

Quan¬ 

tity 

(short 

tons). 

Gold 

tvolue 

per 

ton). 

Silver 

(ounces 

per 

ton). 

Cop¬ 

per 

(per 

ccul) 

Lead 

(per 

cent). 

Re¬ 

cov¬ 

erable 

zinc 

(par 

corn) 

Aver¬ 

age 

gross 

vuluo 

per 

ten. 

1905.. .. 

1906.. .. 

1907.. .. 

1909.. .. 

1910.. .. 

1911.. .. 
l<)14o  . 

3,794 
375 
574 
1,084 
12, 714 
7, 054 

$0.  47 
.62 
.22 

:3 

.03 

9.06 
17.50 
16.  37 

12.  15 
a  19 

13.  97 

4.  76 

5.  00 

4.  04 

6.  12 
4.21 

5.  79 

25.  19 
•22.  50 
22.  54 
19.35 
16.  59 
29.00 

ftO  20 
45.  67 
41.  92 
33.  12 
2G.  60 
45.  76 

0.07 

.05 

.02 

1916.. . 

1917.. .. 

270 

128 

.45 

.32 

11.  63 
7.  50 

.08 

6.  1 1 
5.  .50 

30.  7ft 

31.  26 

99  38 
79.  82 

o  None. 


PRODUCTION. 


The  following  tables  give  the  production  of  gold,  silver,  copper,  lend,  and  zinc  in  the  Park  City  district  from  the  beginning  of 
operations  in  1870  to  1917: 

Q uant'ity  of  ore  sold  or  IrcaUd  in  Park  City  mining  region,  1S70-J317,  <md  metals  rccoxertxt. 


Quantity 

(short 


Silver. 


. 

( 

. 

<*34.00 

$703 

. 

. i 

1876 . 1 . 

1S77 . ! . 

1878 . 

1679 . 

1880  . i . 

1881  . 

1882 . 

1883  . 

1884  . 

1885  . 

1886  . . 

1887  . 

1888  .  /63,  255 

1889  .  /77,  255 

1890  .  /76,  660 

1891  .  /SS,  380 

1892  .  /96,  603 

1893  . 

1894  . | . 

1895  .  ! . 

1896  . 

1897  . 

1898  . 

1899  . 

1900  . 

1901  . . . 

1902  . 

1903  . 

p)04 . 

1905] !”!’.!!!’.!!!’  ?  223,"  ii2 

1906  . 0  26-1,792 

1907  .  9  235, 628 

1908  . . .  9  142,  331 

1909  .  9  190, 172 

1910  . 17  215,339 

1911  . 9  296,  350 


d 848. 00 
c  725-  00 
<12,  222.00 
<12, 285.00 
cl  1,  959.  00 
<12,  561.00 
d4,  171.00 
<13,055.00 
<*3, 450,00 
d  4,  770.  00 
d  2, 876.00 
<14, 451.00 
d  4,  133. 00 
4  4,  377.00 
d  5,  200.  00 
d  6,  439.  00 
d  8, 803. 00 
d  9,  093.  00 
d  13,731.00 
9  15, 083. 00 
<7 15,  317.00 
0  13,  643. 00 
a  14,  807.  00 
<7  11,884.67 
9  8, 413. 52 
0  5, 083.  34 
<7  4,814.  18 
(7  4,467.48 
<7  4,94-1.12 


17,  530 
14,  987 
45,933 
47,  235 
40,496 
52, 941 
86,  222 
63, 152 
71,  318 
98, 605 
69,432 
92,  010 
85,  436 
90, 471 
107, 491 
133, 106 
181,  974 
187,  969 
283,  845 
311,  793 
316,  631 
282, 001 
306, 088 
245,  678 
173,  923 
105, 082 
99,518 
92,  351 
102,  204 


*651,300 
*  850,  000 
d  1,  310, 145 
d  1, 112, 030 
,<*1,  041,771 
*1,252,470 
d  1,  931, 089 
*1,934,984 
<12,011.85] 
*2,  167, 1S2 
d  3,  126, 890 
<1 2,  8S1, 436 
d  3,  159, 453 
<13,  398,  120 
d  3,  800,  266 
<13,120,063 
d  3,  865,  510 
<14,078,  238 
<1 2,  709,  672 
<12, 802,289 
d  3,204,001 
d  3,  134, 820 
<12,  737.268 
d  2,215,496 
<13, 152,  329 
d  3,  931,205 
d  7, 060,  623 
«7,  990,200 
9  7, 109, 209 
y  5,  814,386 
<7  3,  998, 165 
3,  755,  339 
2,  794,  552 
2, 463,  735 

2,  825,  3S5 
2,571,771 

3,  428,  651 


8.834,  377 
986,  002 
1,  572,  174 
1,  278,  835 
1.  166,  784 

1,  440,  341 

2,  182,  131 
2,  205,  882 
2,  232,  977 

2,  405.  572 

3,  345,  772 

2,  852,  622 
3, 096,  264 

3,  194,  238 
3,  572,  250 
3,  276, 066 
3, 826,  855 
3,  548,  067 
2, 113,  544 
1,  765,  442 
2, 082,  603 
2,131,678 
1.642,301 
1,373,  008 

1,  891,  397 

2,  437,  347 
4, 236,  374 
4, 234,  806 

3,  838,  973 
3,  328,  736 
2. 414, 891 
2, 516, 077 
1,844,404 
1.305,  779 
1,469,201 
1, 388;  756 
1,817, 185 


Copper. 

Pounds: 

Mil  tic. 

. 

. 

. 

. 

d  54,  609 
d  805,  347 
<1  703,  369 
d  2,  477, 080 

9  2,  869, 448 
<7  3,  297,  101 
<7  2,  118,452 

9 1,  251,  153 

9  1,  194,210 
<7  945,  722 
<7  541,  061 
<7  1,  655,  74.9 

9  1,  423,  629 
<7  1,281,  190 

$6,772 
137.  714 
116,  759 
413,672 
350,  073 
451,  703 
26-1,  SO  I 
195,  648 
230, 484 
189,  144 
71,420 
213.  247 
180,  801 
1G0,  1 19 

*  2, 46-1, 000 

*  1,  500, 000 

*  1, 800, 000 
*1,750,000 
*1,500,000 
*  2,  940,  000 

*  10,  074,  000 

*  10,  500,  000 
**11,  725,  000 

*  12,  329, 600 

*  16,  000,  000 

*  15.  000,  000 
*14,  088,  000 

*  15,  000, 000 
*19,362,000 
*18,334,200 

*  23,  985,  600 
*29,  148,000 
*25,172,400 

*  16,  754, 020 

*  17,  475,  000 
*26,318,400 

*  32,  762,  400 
<*33,233,553 
d  4 1,884,  755 
d  4G,  982,  647 
<1 60.  232, 236 
<7  09,  833, 456 
9  78,  243,  720 
<7  64,  312,  559 
9 45,  280,  817 
9  46,  511, 176 
0  36,  234,  707 
S34.  051,699 
y40,  350.  390 
9  38,  129,  761 
y-17,  637,  642 


.$147,  8-10 
91,  500 
99, 000 
63, 000 
61,500 
147, 000 
■183, 552 
514,500 
633,175 
-156,  195 
621, 000 
690, 000 
633, 960 
660, 000 
755, 118 
825, 039 
1,  031,  381 
1,  165,  920 
931,  379 
552, 8S3 
559,200 
849. 552 
1,  179,446 
1,262,875 

1,  884,  814 
2, 067, 236 

2,  5S9,  9S6 
2,863, 172 

3,  286. 236 
2,  813,  674 
2, 128, 198 
2,  651,  137 
1,  920,  442 
1,430,  171 
1,993,  067 

1,  677,  709 

2,  143,  68-1 


Recoverable  zinc. 

Pounds. 

Value. 

1 

. 1 . 

; 

, . . 

i 

1 

'  * 

l 

1 . 

...  . . 

9  1,  972,  327 

9  3,  518,  139 

9  258,  784 
<7  1,405,652 

9  6,  737,  237 

9  9,  437,  992 

9  3,  -596,  56-1 

$116,367 
214,  607 
15,  268 
66, 066 
363,  811 
509,  651 
490.004  | 

Total 
val  ut-.<» 


$982, 217 
1,  077,  502 
1,671,  174 
1,341,835 
1,  228,  28-1 

1,  5S7,  341 

2,  600,  380 
2,  720,  382 

2,  883,  682 
2, 876,  754 
4,  015,  705 

3,  589,  857 
3,  770,  720 

3,  907, 179 
4, 413, 590 

4,  164,  257 
4,  929,  554 
4,  812,  592 

3,  104,  355 
2,  4 10, 335 
2,  727,  239 
3.071,701 
2,  929, 301 
2,  776, 361 

4,  095,  899 
4,809,311 
7,  523, 877 
7.  759.  844 
7,  893,  543 
6,  689,  215 
5, 161, 192 

5,  657,  963 
4, 143,  181 
2,978,518 
4, 140,  844 
3,849,268 
4,  713,  236 
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11112 . 

3  280,  871 

9  3.  <564.  30 

75,  748 

3,  612,  719 

2.  240,  290 

9  1 , 9G8,  249 

324,  701 

0  42,  ill.  561 

1,  895,  021 

0  8,  001,  512 

b-V/,  104  1 

5,087,924 

4,729,232 

3,363.215 

iai:t . 

3  270,  0 27 

0  4.221.00 

87,  25C 
99,  183 

3.  717,  566 

2.  245,  104 

0  1.  794,  170 

278,  09C 

0  41,808,713 

1,  839,  584 

0  4, 980,  206 

278,892  1 

W14 . 

0  236,  952 

9  4,  797.  99 

2,  955,  008 

1,634,  119 

9  1 ,  559,  953 

207,  474 

0  32,  323,066 

1,  260,  600 

0  3,  173,3)3 

161,  839 

1915 . 

<1263,  34?. 

0  1  207.  06 

88,  980 

3,  754,  698 

1.903,581 

9  2.  287, 172 

400,256 

0  49,350,377 

2,319, 407 

7,771,350 

963,  6-17 

5,673,931 

1916 . 

9  300,  598 

0  5,  381.04 

111,236 

2,000,  71 S 

1,  908,  672 

0  1,512,578 

372, 094 

0  33, 233, 794 

2,  293, 131 

5,130,353 

688,  272 

373, 405 

1917 . . 

9  210, 610 

9  5, 362.  51 

110,  647 

2, 937, 438 

2,  420, 449 

0  1,285,308 

350, 889 

0  33,715,505 

2,  899,  539 

5, 201,  756 

630,  579 

0,  312, 103 

Total  5 . 

211,263.81 

4,  367,178 

135,  299, 810 

99,  202,  886 

31,  028,  556 

4,917,960 

1,252,444,804 

6C,  374,  893 

00,191, 185 

4,  951, 107 

109,814,024 

o  A  verago  commercial  print.  uj-vd  lor  each  metal  u>  make  total  (or  each  calendar  year. 

»  In  1S70-7I  the  KlagMOff,  I’tnyoa,  1’loneer.  Buckeye,  Walker  A  Webster ,  Wild  Bill,  and  Rocky  Bar  deposits  wore  di teetered  and  were  producers  with  tho  Ontario,  discovered  In  1372.  Tlio  Oularlo  prorluced 
shlppiDg  ore  In  1K73  and  iS74  end  up  to  December,  1S7G,  had  yielded  *  1,100;*' '0,  See  U.  S.  Oeul.  Surrey  I'rof.  J’aper  77,  pp.  13S-137,  ISIS. 

e  Kf.tj  mated  by  V.  C.  Hekkes  from  a  separation  o!  the  total  output  report. .1  by  the  Director  o(  the  Hurt  Of  given  In  the  annual  reviews  ol  tho  Salt  Lake  Tribune  and  the  IT.  S.  Grot.  Survey  Mineral  Riwcmrces 
1SS2-UB7.  Bart  of  the  records  of  some  early  producers  were  used  in  the  ewtlmnn- 

*  U.  8.  Oool.  6urvey  Prof.  J'eper  77,  p.  36. 1913. 

•  Crrr-cent  and  Sampson  were  tbe  heaviest  shippers  of  I  earl  ores. 

/  Henanor,  A..  Jr.,  Mineral  industry,  vol.  1,  p.  186,  1X9S,  see  also  reports  Of  Director  of  Mm!,  1886-1892. 
t  C.  S.  Ciool  Survey  Mineral  Baaourtca,  1992-1916. 

a  These  totals  ere  lor  mine  output  and  aggregate  more  than  U  smelters’  and  refiners’  figures  were  used.  I 


Metals  produced  m  the  Park.  City  viintny  rcyiorn,  JS70-J9J7,  by  periods. 


Period. 

Quantity 

(short 

tons). 

Gold. 

Silver. 

Copper. 

Lead. 

Recoverable  zinc. 

Total 

value. 

Fine  ounces. 

Value. 

Fine  ounces.  Value. 

^  Pounds. 

Value. 

Pounds. 

Value. 

Pounds. 

Value. 

1870U1880  . 

6,217,716 
27,531, 180 
31,830,831 
46,383,365 
23,330,718 

$7,278,513 
28, 363,  774 
22.  812, 902 

1  2ft,  577,  997 
14,  109,  700 

11,954.000 
140,  412,  800 
295,  71G,  775 
519, 180,  571 
280, 180,718 

$609,  840 
0,  275,  539 
11,484,686 
23,  353,  792 
M,  651, 036 

$7,  888,  353 
35,008,512 
35,  606,  6-1 8 
55,  997,  165 
35, 253,040 

1881-JKOO  . 

1891-1900  . 

1901-1910  . 

1911-1917 . 

1,889,050 

17,860.00 
53,  591.  00 
107,244.19 
32,668.02 

3369,  199 
1,  107,815 
2,216, 910 
673,  254 

1,563,325 

17,776,611 

.11,688,620 

3261,2-15 

2,562,99(5 

2,093,719 

23.330,131 
42,801 ,054 

1 ,285,770 
3,665,337 

211,263.81 

4, 367,178 

135,299,810 

99,  202,  886 

31,  028,  .556 

4,917,900 

1,252,  1+1,  801 

50,374,893  j 

U, 191, 185 

4,951,107 

169,  814, 024 
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GEOLOG  T.* 

PRINCIPAL  FEATURES. 

The  oldest  rocks  of  the  Park  City  quadrangle 
aro  .sedimentary  strata  which  range  in  age  from 
lower  Carboniferous  to  Triussic.  They  have 
been  arched  up  to  form  a  part  of  the  eastward- 
pitching  Park  City  anticline — a  prolongation  ot 
the  Uinta  anticline — whose  axis  traverses  the 
quadrangle  from  east-northeast  to  west- 
southwest,  and  they  have  been  dislocated  by  . 
many  faults.  They  hnvo  been  invaded,  altered, 
and  locally  domed  by  diorite  and  diorite 
porphyry,  which  form  the  easternmost  of  the 
largo  intrusive  masses  that  are  exposed  along 
the  general  course  of  the  Park  City'  anticline. 
The  sedimentary  and  the  intrusive  rocks  are 
overlapped  on  the  east  hy  the  andesitic  lavas 
of  the  intermontane  trough. 

The  higher  slopes,  including  the  chief  peaks 
and  the  valleys  which  radiate  from  them,  bear 
evidence  of  local  glaciation.  The  steep-walled 
amplri theater’s  or  cirques  which  form  the  heads 
of  these  valleys  contain  much  bouldery  glacial 
drift.  Below  theso  cirques  the  valleys  oxhibit 
characteristic  U-shaped  profiles,  ground  and 
lateral  moraines,  boulder  trains,  perched  er¬ 
ratics,  striation,  and  scouring.  The  largest 
glacier  of  the  district  flowed  southeastward 
from  Bonanza  Flat. 

Each  of  the  three  main  typographic  divisions 
outlined  on  page  2S5  the  north,  cast,  and  south 
slopes — differs  from  the  others  in  geologic 
character.  The  north  slope  is  chiefly  formed  of 
Pennsylvanian  and  Triassic  strata,  which  dip 
northwestward  at  low  angles  and  are  intri¬ 
cately’'  faulted.  On  the  eust  slope  the  same 
strata  occur  with  a  general  eastward  dip;  they 
are  much  intruded  by  diorite  porphyry  on  the 
southern  half  of  this  slope  and  partly  buried  by 
andesite  at.  the  east.  The  south  slope  is  occu¬ 
pied  by.  diorite  of  the  Clayton  Pouk  mass,  with 
its  border  of  contact-metamorphosed  sedi- 
nionts.  These  metamorphosed  and  hardened 
rocks  stand  up  as  the  rugged  backbone  along 
whoso  northern  side  lire  found  all  the  great 
bonanzas  of  the  camp. 

SEDIMENTARY  ROCKS. 

GENERAL  EEATXRKS. 

/Pho  sedimentary  rocks  of  the  Park  City 
district  include  some  of  tlm  upper  part  of  the 

>  AhstnuMe<l  from  Bouhvell,  3.  M.,  op.  cil.,  pp.  H3-I03. 


great  limestone  scries  of  the  region  hut  belong 
mainly  to  five  later  formations,  which  range 
from  Pennsylvanian  to  Into  Triassic  or  earlv 
Jurassic  in  age  and  have  a  total  thickness  of 
nearly  6,000  feet.  The  earliest  of  these  forma¬ 
tions  is  quartzitic;  in  the  others  the  most 
abundant  rock  is  shale,  though  a  good  deal  of 
sandstone  and  limestone  are  preseut.  The 
shale  in  the  Mesozoic  formations  is  mostly 
reddish  where  it  is  unaltered. 

The  best  exposures  of  most  of  these  rocks 
are  found  on  the  north  side  of  Big  Cottonwood 
Canyon,  in  the  Cottonwood  quadrangle,  and 
the  diagrammatic  columnar  section  forming 
Plate  XXIX  is  compiled  from  observations 
made  at  that  locality. 

CARHOSIVKROUS  SYSTEM. 

TndiffenMiakd  limestone a. — Some  limestone 
masses  of  obscure  stratigraphic  relations  and 
structure  are  mapped  as  ‘'undifferentiated 
limestone.”  They  occur  chiefly  in  the  southern 
and  southeastern  parts  of  the  district.  They 
consist  partly  of  blue  limestone  containing 
little  impurity,  and  partly  of  curbonoceous  or 
sandy  limestone.  Much  of  the  limestone  is 
metamorphosed  to  coarse  white  marble.  Some 
beds  are  known  to  bo  of  Pennsylvanian  age, 
because  they  are  interstratified  with  Weber 
quartzite;  others  are  shown  by  their  fossils  to 
be  of  earlier  Carboniferous  age,  and  belong  to 
the  post-Cambrian  limestone  series  described 
on  pages  238-239. 

Weber  (pmrtzUe. — According  to  Ilintze  3  tho 
Weber  quartzite  is  unconformuble  on  the  under¬ 
lying  limestones,  its  base  being  marked  by.  a 
conglomerate  made  up  of  roundod  chert  pebbles 
and  silieified  corals  together  with  much  fine 
material,  but  there  is  little  or  no  angular  dis¬ 
cordance  at  tho  contact. 

The  Weber  quartzite,  whose  thickness  is 
given  by  Boutwell  as  1,350  feet,  consists  mainly 
of  quartzite  but  contains  beds  of  limestone 
which  are  especially  abundant  near  the  base. 
Tire  quartzite  is  generally  thick  bedded.  On 
fresh  fracture  it  is  light  brownish  gray,  and  it 
weathers  to  a  glittering  surface  of  lighter 
shade.  It  is  liner  and  more  even  grained  than 
Uie  Cambrian  quartzite. 

•  Iltnu.  r  K„  Jr..  A  1-onuibulkm  la  the  *.«o!o*y  ol  the  "  > 
Mounlaim,  full;  New  Vort  Arad,  Sri.  Annuls,  vol.  21,  Pr-  ,I!‘‘ 
1913. 


•  v  •»*  »  » 
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COLUMNAR  SECTION  SHOWING  FORMATIONS  PRESENT  IN  BIG  COTTONWOOD  CANYON. 

Aficr  J.  M.  BoutvcU. 


PENNSYLVANIAN 

CARBONIFEROUS 
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The  Pennsylvanian  age  of  the  Weber  quartz¬ 
ite  has  been  proved  by  the  finding  of  Pennsyl¬ 
vanian  fossils  in  the  limestone  beds,  including 
some  of  the  lowest,  of  the  formation  anil  in  the 
overlying  Park  City  formation. 

The  Weber  quartzite  is  extensively  exposed 
in  the  middle  and  eastern  parts  of  the  Park 
City  district  and  in  the  northern  part  of  the 
Cottonwood  quadrangle. 

Park  Oily  formation. — Although  Bou twell 
recognized  no  unconformity  between  the  Weber 
quartzite  mid  the  Park  City  formation,  evi¬ 
dence  of  such  an  unconformity  near  Ogden  is 
given  by  Blaekweldcr.1 

The  Park  City  formation,  so  named  in  recog¬ 
nition  of  its  preeminent  economic  importance, 
occurs  in  the  northeastern  and  eastern  parts  of 
the  district.  Its  type  section  is  on  the  north 
side  of  Big  Cottonwood  Canyon,  where  it  lias  a 
thickness  of  590  feet.  The  formation  also 
occurs  in  two  zones  hung  cast  and  west  of 
Park  City  respectively.  It  consists  of  lime¬ 
stone,  sandstone,  shale,  chert,  and  phosphate 
rock.  The  limestone  is  mostly  gray  or  blue. 
The  sandstones  and  shales  are  prevailingly 
grayish  and  aro  in  part  calcareous.  A  bed  of 
phosphate  rock,  which  is  dark  and  exceptionally 
heavy  and  has  an  ooHtio  structure,  was  rioted • 
by  Bou  twell  2  about  300  feet  above  the  base, 
and  probably  other  beds  occur  in  the  middle 
and  lower  parts  of  the  formation.  This  bed 
has  not  been  developed  as  an  economic  re¬ 
source.  in  the  Park  City  district,  but  tho  Park 
City  formation  contains  tho  great  bulk  of  the 
phosphate  that  occurs  in  the  western  phos¬ 
phate  fields.3 

Tho  formation  has  yielded  abundant  fossils, 
which  indicate  that  its  lower  part  is  of  Pennsyl¬ 
vanian  and  its  upper  part  of  Permian  age. 

THIA8SIC  SYSTEM. 

Woodside  shale. — Tho  Woodside  shale,  about 
1,100  feet  thick,  overlies  the  Park  City  forma¬ 
tion  unc-onformably,  according  to  ono  of  Bout- 

Blackwvtilcr,  Elln-,  Mew  I  Ik  lit  on  l  lie  kiwlogy  ol  the  Wasatch  Moun¬ 
tains:  Gvol.  Soc.  Aoirrtva  Bull.,  Vol.  21,  ji.  *32,  uuo. 

*  Idem.  pp.  IU-IH. 

•Sen  Gulp,  H.  S.,  uud  Rli-hnnls,  U.  W.,  Preliminary  report  on  tho 
nhosplialodipjslisln  xxilbooitani  Idaho  and  odjaent  part*  of  Wyo- 
mioir  and  UUk:  l'.  S.  Ci-ol.  Survey  Bull.  1.10,  pp.  -tSJ-.Vii,  1010;  Bl«ck- 
Wfkj.r,  Hilo',  rwpbato  deposits  tt uxt  of  Ogrl.m.  Vtuli:  Idem,  pp. 
W'-vjl;  and  Schulli,  A.  R.,  A  geoX«lo  recount.-  meo  of  tho  Uln  .i 
Voinulns,  nonliera  Utah:  U.  S.  Gcol.  8urvey  Bull.  «»,  pp.  31  oi 
!»t*(BulJ.<B0-C). 


well's  structure  sections  (DD',  Pi.  \XVTI) 
though  no  evidence  of  this  relation  Vgivon  in’ 
liis  text.  1 1  is  the  most  homogeneous 
in  the  district  and  consists  almost  entirely  of 
dark-red  shale,  which  bears  abundant  ripple 
marks,  mud  cracks,  and  raindrop  impressions. 
It  apparently  contains  no  fossils,  hut  it  is  re¬ 
garded  as  Trinssie  because  of  its  roseinl>]an,.0  p, 
certain  membem  in  the  overlying  fossiliferous 
Tl> uynes  formation. 

Tho  Woodside  shale  forms  two  north-south 
bands,  one  in  the  northeastern  and  one  in  the 
north-central  part  of  the  district,  and  a  lon«- 
strip  along  the  north  side  of  Big  Cottonwood 
Canyon.  It  has  some  indirect  economic  im¬ 
portance  because  of  tho  vast  umount  of  water 
that  it  carries. 

Thaynes  formation. — The  Thuynos  formation, 
about  1 ,2 00  feet  thick,  grades  into  the  forma¬ 
tions  above  and  hclow,  from  both  of  which  it  is 
distinguished  by  its  limy  composition.  Jt  con¬ 
sists  of  limestone  and  of  shale  und  sandstone 
which  aro  in  part  calcareous.  It  is  divisible 
into  threo  members:  the  upper,  which  is  030 
feet  thick,  contains  the  largest  proportion  of 
limestone;  the  middle,  120  feet  thick,  consists 
mainly  of  maroon  shale ;  uud  the  lower,  450  feet 
thick,  contains  abundant  sandstone.  A  char¬ 
acteristic  rock  occurring  ut  many  horizons  is  a 
fine-grained  calcareous  sandstone,  blue-gray 
and  compact  when  fresh  but  porous  and  brown 
when  weathered.  Much  of  this  rock  is  richly 
fossiliforous.  Tho  fossils  in  tho  formation  prove 
its  Triassic  ago. 

The  formation  occupies  a  lurgo  part  of  the 
northern  half  of  the  Park  City  qumlrunglo. 

Ankareh  shale. — The  Ankareh  shale  is  1,150 
feet  thick  in  Cottonwood  Canyon.  It  resem¬ 
bles  the  Woodside  in  being  dominantly  red,  but 
it  is  more  sandy,  and  includes  a  number  of  well- 
marked  beds  of  coarse  gray  sandstone,  which 
range  from  20  to  55  feet  in  thickness.  It  also 
comprises  a  few  thin  beds  of  limestone,  which 
carry  Triassic  fossils.  The  formation  occurs 
only  in  the  northwestern  part  of  the  district. 

Nugget  sandstone. — The  highest  strata  that 
occur  in  tho  Park  City  district  consist  of  about 
500  feet  of  white  sandstone,  interbedded  with  a 
little  red  shale,  which  represent  the  lower  part 
of  the  Nugget  sandstone.  Tho  ugoof  the  forma¬ 
tion  is  not  certain,  but  it  is  either  Triassic  or 
Jurassic,  for  fossils  prove  that  the  formation 
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below  is  Triassic  and  the  one  above  Jurassic. 
The  Nugget  sandstone  is  exposed  in  'he  ex¬ 
treme  northwest  corner  of  the?  Park  City  qtind- 
rungle. 

IGNEOUS  BOCKS. 

TOPOGRAPHIC  OCCURRENCE. 

Igneous  rocks  occupy  nearly  one-third  of 
the  area  of  the  Park  City  district.  In  distri¬ 
bution  they  coincide  in  general  with  the  pro¬ 
ductive  area  end  in  occurrence  they  are  inti¬ 
mately  associated  with  ore  bodies.  The  three 
pctrogruphic  types  (diorite,  diorito  porphyry, 
and  andesite)  occur  in  distinct  areas. 

The  diorite  forms  the  most  nigged  and 
precipitous  ridges  and  the  loftiest  summit  in 
the  region — Clayton  Peak.  (See  PI.  XXX,  B.) 
The  generally  homogeneous  character  of  the 
rock,  the  absence  of  dominating  structure 
planes,  and  the  presence  of  readily  removed 
mineral  constituents  have  combined  to  permit 
deep  and  characteristic  dissection.  The  eastern 
margin  of  this  mass,  with  the  singlo  exception 
of  on  arm  in  the  gap  above  the  head  of  the 
Daly-Judge  shaft,  is  covered  by  the  extensive 
glacial  deposits  of  Bonanza  Plat. 

Rising  from  beneath  this  covering  on  the 
east  and  northeast  are  extensive  irregular 
masses  of  coarse  diorite  porphyry,  which 
stretch  eastward  and  northeastward  for  nearly 
4  miles,  surrounding  Bald  Mountain  in  the  form 
of  dikes  and  small  stocks.  This  rock  weathers 
somewhat  easily  and  forms  broad  flaring  sad¬ 
dles  or  gaps  on  divides,  as  at  the  head  of 
Empire  Canyon  near  the  Lucky  Bill  shaft  and 
east  of  the  Little  Bell  shaft  on  the  northern 
slope  descending  from  Flagstaff  Mountain. 
On  the  southwest  slopo  of  Bald  Mountain  it 
yields  a  coarse,  loose  sandy  soil. 

On  the  adjacent  northeast  and  the  extreme 
southeast  and  lying  about  the  eastern  foot¬ 
hills  of  the  range  are  parts  of  the  great  ex¬ 
trusive  moss  of  andesite,  which  floors  the  valley 
between  the  Wasatch  and  Uinta  ranges.  The 
surface  of  that  portion  of  tho  extrusive  mass 
which  appears  within  the  Park  City  area 
slopes  gently  eastward  away  from  tho  Wasatch 
and  is  cut  by  numerous  shallow  gullies  into 
parallel  strips. 

QUARTZ  DIORITE. 

Quartz  diorite  occurs  in  a  general  oval  area, 
which  extends  from  tho  head  of  Big  Cotton¬ 
wood  Canyon  eastward  in  the  upper  basin  of 


|  Snake  Creek  for  over  3  miles  and  from  the  head 
of  Snake  Creek  northward  for  2  miles,  forming 
the  main  divide  of  tho  Wasatch.  It  thus  forms 
the  easternmost  of  the  throe  great  igneous 
masses  in  the  main  zono  of  intrusive  rocks  of 
tho  middle  Wasatch  and  occupies  the  south¬ 
western  portion  of  tho  Park  City  district.  It 
cuts  across  sediments  at  tho  heads  of  the  north¬ 
west  tributaries  of  Snake  Creek  and  of  Big  Cot¬ 
tonwood  and  is  buried  on  tho  east  by  the  "la- 
cial  deposits  of  Bonanza  Flat.  Farther  oast  it 
forms  the  broad  tongue  iu  tho  gap  above  the 
Daly-Judgo  tunnel,  audsraall  portions  of  its  con¬ 
tact  appear  along  the  main  rood  in  Bonanza 
Flat  immediately  east.  Tho  best  exposures 
were  found  along  its  northern  and  southern 
contacts. 


Analyttt  of  quart:  diorite. 
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1.  Quart*  diorite,  throe-fourths  of  a  mile  northeast  ol 
Clayton  Peak.  W.  F.  Hillcbrand,  analyst. 

2.  Quartz  diorite,  cast  side  of  Brighton  Gap.  W.  F, 
HiLlebrand,  analyst. 

Hand  specimens  show  a  fine  even-grained 
rock  composed  of  tv  uniform  mixture  of  light 
■and  dark  minerals.  New  fractures  generally 
present  a  bright,  fresh  appearance.  The  light 
minerals  are  chiefly  white  feldspar.  Some 
pinkish  feldspar  is  mingled  with  tho  white,  and 
rarely  quartz  may  be.  recognized.  Of  the  dark 
minerals,  glistening  flakes  of  black  biotite  are 
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mast  noticeable,  and  the  dull  greenish-black 
color  and  lath  shape  ot'  hornblende  is  less  so-  All 
are  about  equal  in  size,  few  exceeding  one-eighth 
of  on  inch. 

QIPA-RTZ  DtORITK  rORPIlTRT. 

Diorito  porphyry  is  the  largest  and  most 
widely  extended  of  the  igneous  formations. 
Most  of  it  lies  in  the  eastern  and  southern  parts 
of  the  district,  but  a  few  small  isolated  bodies 
occur  at  the  west  and  northeast.  All  the  large 
areas  and  nearly  all  the  exposures  appear  to 
bo  united  on  tho  surface  into  a  single  extremely 
irregular  body  which,  except  tor  a  narrow  junc¬ 
tion  on  the  east,  is  roughly  separated  by  the 
quartzite  on  Bald  Mountain  into  two  parallel 
masses.  The  southern  and  major  member 
extends  from  the  extreme  head  of  Empire 
Canyon  in  tho  region  of  the  Dnly-Judge,  Daly 
West,  Quincy,  and  Little  Bell  mines  eastward 
and  southeastward  to  its  junction  with  the 
northern  mass  east  of  the  Valeo  mine,  in  Cotton¬ 
wood  Canyon.  It  is  well  exposed  by  the  broad, 
shallow  amphitheater  and  saddle  at  the  south 
head  of  Empire  Canyon  and  is  characteristic¬ 
ally  developed  in  the  main  bodies  which 
extend  eastward  and  southward,  in  the  irre¬ 
gular  connecting  dikes  around  the  eastern  wall 
of  Bonanza  Flat  and  about  the  heads  of  Durey 
and  Pine  canyons.  From  the  connecting  neck 
in  Cottonwood  Canyon  the  northern  mass 
extends  northward  and  northeastward  uround 
Bald  Mountain,  crossing  Glencoe,  Wasatch, 
and  McHenry  gulches,  and  an  arm  reaching 
northward  enters  McCune  Hollow.  Owing  to 
the  exceeding  difficulty  of  tracing  outlines  on 
precipitous  slopes  amid  dense  scrubby  growth 
the  boundaries  that  are  shown  on  the  map 
necessarily  fall  far  short  of  expressing  the 
extremely  irregular  outlines  of  these  masses. 

The  major  part  of  this  porphyry  takes  the 
form  of  irregular  stocks  and  dikes  issuing  from 
tho  stocks.  A  few  sills  nre  present.  The 
principal  stocks  aro  the  elongated,  roughly 
rectangular  masses  just  south  and  east  and 
northeast  of  Bald  Mountain.  Smaller  masses 
lie  at  the  heud  of  Empire  Canyon  and  between 
Bald  and  Bald  Eagle  mountains. 

The  usual  appearance  of  the  diorito  por¬ 
phyries  of  the  Park  City  district  in  tho  out¬ 
crop  is  that  of  light-gray,  faintly  spotted 
rocks,  but  on  fresh  fracture  the  phenocrysts 
stand  out  more  distinctly  in  a  dark  ground- 
mass.  Close  examination  shows  that  the  color 


of  tho  rock  lies  m  the  groundmass,  which  runs 
through  shades  of  (lrnb  or  d  ’  ni  » 

greenish  gray.  It  is  aho  Seon  tlJ  tho  pl  ‘ 
crysts  are  not  confined  to  tho  %ht  fl& 
hut  include  indistinct  crystals  of  the  iirk 
ferromugncsian  nuneruls-hornblondo,  biotitc 
and,  rarely,  augite.  Xu  somc  fresh  8peoimon  ’ 

tne  s lumng  facets  of  the  feldspars  are  striped 
with  the  multiple  twinning  of  the  plngioclascs, 
and  m  otliors,  especially  in  altered  samples 
may  be  discerned  fragments  of  rough  greasy 
quartz.  The  groundmass  even  under  a  hand 
glass  appears  to  be  no  more  than  a  line  crystal¬ 
line  mass  of  ill-formed  minerals.  Among ‘  t hese 
may  be  recognized  with  difficulty  particles  of 
biotitc,  feldspar,  ami  pyritc. 

Tile  phcnoeiysts  vary  widely  in  size.  Kow 
aro  over  half  an  inch  in  greatest  length,  ltolo- 
livcly  the  plugioelases  develop  the  largest 
phcnoeiysts;  next  runk  the  hornblendes,  which 
rarely  attain  a  length  greater  than  a  quarter  of 
an  inch;  finally  tho  dark-brown  micas,  which 
here  and  there  outmeasurc  tho  hornblendes 
but  very  generally  are  smaller  in  diameter 
though  equivalent  in  area.  Quartz,  where  it 
occurs  as  phcnoeiysts,  very  rarely  measures 
more  than  an  eighth  of  an  inch  in  diameter,  and 
augite  is  scarcely  ever  noticeable. 

Two  analyses  of  the  dioritc  porphyries  have 
been  made  and  are  given  below,  one  from  the 
ordinary  variety  typical  of  this  district  and 
another  from  a  more  quartzosc  phase. 

Analyses  of  quartz  dioritt,  porphyry. 


SiO, . 

A 1-0, . 

FcjO, . 

FeO . 

MgO.... . 

C*0 . 

No-0 . . 

K*0 . . 

H-0 . 

Tib, . 

ZrO . 

PA . 

CO . 

FeS, . 

MnO . 

B(»0 . . 

SrO . 


50. 

15. 

2. 

2. 

o 

4. 

3. 

2. 

2. 


61.  64 
14.  66 
1.05 
1.  68 
2.55 
4.  65 
2.71 
3.  07 
3.60 
.48 
.01 
.24 
2. 15 
.32 
.06 
.18 
.06 


100  23 


100.00 


1.  Quartz  dioritc  porphyry  trom  diko  northwest  of  Daly 
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^  Canyon.  W.  f.  rfllebrand,  analyst. 
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These  analyses  rank  well  toward  the  acidic 
end  of  the  diorite  group,  being  high  in  silica. 
Probably  one-third  of  the  specimens  contain 
enough  quartz  to  be  ranked  with  No.  2  ot  the 
table. 

ANDFfilTK. 

The  two  small  portions  of  t  he  great  extrusive 
moss  of  andesite  on  the  east  afford  good  evi¬ 
dence  as  to  its  general  characteristics.  They 
lie  in  the  extreme  northeast  and  sou  thesis  t 
comers  of  the  region  mapped,  at  the  eastern 
base  of  the  range,  and  embrace  an  area  barely 
a  mile  square.  The  groat  expanse  of  these 
rocks  which  stretches  eastward  for  about  8 
miles  to  Kaunas  Prairie  and  northwest  and 
southeast  for  about  30  miles  shows  high  rugged 
lulls  rising  1,000  to  2,000  feet  above  its  western 
margin  in  the  Park  City  district.  If  the  upper 
surfaco  of  those  extrusive  masses  were  origi¬ 
nally  level,  the  present  lower  elevations  of  its 
western  portions  which  now  wrap  about  the 
eastern  flanks  of  the  Wasatch  Range  must  be 
duo  to  denudation. 

Low  gullies  cut  deeply  into  the  extrusive 
mass  and  show  it  to  bo  mode  up  of  layers  of 
varying  destiny,  coarseness,  and  massiveness. 
Some  were  clearly  formed  ns  flows,  others  as 
bods  of  bombliko  bodies,  possibly  cjectamento. 
All  ineline  to  the  cast. 

Lx  several  of  the  trails  verso  valleys  in  the 
West  Hills  sandstone  and  qnartzito  crop  out 
from  beneuth  the  andesitic  blanket  and  afford 
some  clue  to  the  ancient  topography.  The 
eastern  dip  from  the  flanks  of  the  Wasatch 
Range  and  the  western  dip  of  certain  beds  in 
the  eastern  part  of  the  area  suggest  tho  early 
valley  form,  nlthough  possibly  tho  Wasatch  has 
risen  sixxco  the  extrusion  and  imparted  tho 
easterly  inclination. 

Tho  nndesito  is  a  decidedly  speckled  pinkish 
or  greenish  roclc,  commonly  gray  on  fresh 
fracture.  In  hand  specimens  these  colors  seem 
confined  to  a  dense  fine-grnined  groundmass, 
in  which  are  sprinkled  pheuocrysts  of  feldspar, 
hornblende,  and  mica. 

Of  the  pheuocrysts  the  feldspars  seem  to  pre¬ 
dominate,  with  smaller  amounts  of  hornblende 
and  still  less  biotite.  In  places  they  are  ar¬ 
ranged  in  parallel  lines  significant  of  rock 
flovage.  Both  pheuocrysts  and  groxmdmass 
usually  lack  the  lustrous  appearance  which 
characterizes  a  fresh  rock.  Some  of  the  fold- 
spin's,  however,  have  still  retained  fresh  glassy 


faces  on  which  may  be  distinguished  tho  mul¬ 
tiple  t, winning  lines  of  plagiocla.se.  The  feld¬ 
spars  are  the  largest  of  tho  pheuocrysts,  rang¬ 
ing  in  size  from  one-fourth  of  an  inch  to  small 
grains.  Hornblende  crystals  uro  more  uniform 
and  arc  as  a  rule  not  longer  than  one-eighth  of 
au  inch.  Biotite  ranges  between  these  two 
minerals.  Rarely  a  few  quartz  grains  may  be 
recognized. 

AU  pheuocrysts  grade  into  the  grouudmass, 
which  is  macrosoopically  very  deuse  and  inde¬ 
terminate. 

The  general  color  of  much  of  the  rock  is 
mottled,  owing  to  change  in  texture,  wliioh 
indicates  that  the  rock  is  composed  of  frag¬ 
ments  in  an  andesitic  matrix.  AU  fragments, 
however,  contain  the  same  essential  minerals 
us  the  matrix  iu  like  proportions,  and  the 
whole  may  ho  called  andesite  breccia. 

A  chemical  analysis  of  the  andesito  is  given 
on  page  90. 

The  percentage  of  silica  is  somewhat,  low 
for  rocks  in  this  class,  but  the  proportions  of 
other  elements  are  medial.  From  its  mode 
of  occurrence,  mineralogic  character,  and  chem¬ 
ical  composition  the  rock  seems  to  belong 
with  the  andesites. 

AXDESITB  TUFF. 

The  tuffs  from  the  Park  City  district  are 
gray  to  yellowish-gray  rocks  composed  of 
white,  yellow,  and  black  particles,  in  places 
resembling  a  poorly  compacted  fine  sandstone, 
from  winch  they  grndo  into  a  very  soft,  flaky, 
somewhat  argillaceous  rock  containing  larger 
grains.  Specimens  from  the  lower  parts  of 
tho  mass  are  somewhat  laminated;  but  the 
laminations  seem  due  rather  to  flowage,  as  in 
mud  flows,  than  to  water  sorting,  for  the  bed¬ 
ding  lines  are  imt  distinct  and  the  particles 
vary  greatly  in  size.  The  rocks  have,  how¬ 
ever,  the  appearance  of  rather  even  fineness, 
the  grains  averaging  one-fifth  of  an  inch  in 
size  and  being  loosely  cemented  together. 
The  bright,  fresh  appearance  of  a  crystallized 
rock  is  lacking.  The  constituent  grains  are 
too  small  to  allow  definite  determination, 
though  from  the  abundance  of  whitish  and 
yellowish  particles  it  may  be  surmised  that 
considerable  feldspar  and  probably  quartz 
are  preseut. 

In  addition  to  the  main  types  described,  there 
are  numerous  granitic  and  a  few  poridotite 
dikes  in  the  district. 


WASATCH  KAXGE. 


fiEOLOfilC  rki.ations. 

Relations  of  igneous  masses  to  one  another. — 
The  relative  age  and  other  geologic  relations 
of  the  three  principal  igneous  masses  have  not 
been  proved.  The  diorite  has  not  been  ol>- 
Served  to  cut  or  be  cut  by  the  diorite  porphyry; 
and  no  conclusive  field  evidence  as  to  the 
geologic  relation  of  the  diorite  porphyry  and 
the  andesite  has  been  found.  Wo  actual  pas¬ 
sage  of  porphyry  as  an  intrusive  upward  ana 
out  into  andesite  as  an  extrusive*,  thus  indi¬ 
cating  contemporaneity,  was  observed.  On 
the  western  margin  of  the  extrusive  area, 
however,  fragments  and  a  considerable  oval 
area  of  porphyry  are.  included  in  the  andesite 
and  would  thus  appear  to  be  earlier.  Further, 
this  porphyry  proves  to  he  pctrogrnphicnlly 
the  same  as  the  perfectly  characteristic  facies 
that  outcrops  near  the  Valeo  mine.  If  this 
porphyry  is  earlier  and  is  contemporaneous 
with  the  Valeo  rock  and  the  other  porphyries 
of  the  district,  then  the  porphyry  as  a  whole 
is  older  than  the  andesite.  Furthermore,  the 
andesite  fills,  wraps  around,  and  blankets  an 
old  topography  which  to  every  appearance  was 
developed  on  the  porphyry  after  its  intrusion. 
It  is  thereforo  probable  that  the  andesite  not 
only  is  later  than  the  diorite  porphyry  but 
was  extruded  after  tho  porphyry  had  been  ex¬ 
tensively  eroded 

Relation  of  ignmxis  rochs  to  sediments—  The 
intrusive  rocks,  quart/  diorite  and  quartz 
diorite  porphyry,  cut  ull  tho  consolidated  sedi¬ 
mentary  rocks  with  winch  they  are  in  contact. 
The  andesites  rest  upon  Eocene  (“Vermilion 
Creek”)  sedimentary  rocks  and  the  lower 
tuffs  grade  into  the  sedimentary  series.  These 
relations  indicate  that  the  diorite  is  not  earlier 
than  Triassic,  that  the  porphyry  is  at  least  as 
lnte  as  early  Triassic,  and  that  the  andesite 
is  later  than  the  “Vermilion  Creek”  (Eocene). 

STRUCTURE. 

The  formations  in  this  urea  constitute  an 
ttuticliuo  that  trends  somewhat  east  of  north 
uud  west  of  south  and  that  pitches  northeast. 
This  broad  arch  is  modified  by  strong  faulting 
and  minor  local  folding,  some  of  which  wa»s  very 
likely  caused  by  intrusions.  (See  PI.  XXVII.) 

EOl.DISO. 

The  Park  City  arch,  comprising  all  the 
sedimentary  formations,  embraces  the  entire 
area.  It  is  broad  and  low,  the  formations  on 
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,  mu  us  tiMs  genl]v  northeast  Thp 
western  limb  ineluili>c  ,u  e  .  •  -ine 

fi  «»  j  ^  the  formations  from 

aUy  swing*  eastward,  and  northeast  of  tho  citv 
the  upper  formations  disappear  beneath  ex'- 
Uusne  flows  ol  andesite.  All  reappear,  how¬ 
ever,  striking  southward  and  passing  down  the 
east  side  »t  the  area  l<,  form  the  eastern  flank 
of  the  Park  City  anticline. 

A  few  minor  folds  on  this  major  fold  are,  as 
a  rule  directly  traceable  to  local  deformation, 
which  has  caused  many  fractures.  Thus,  west 
ol  Jupiter  Hill,  along  the  south  sideof  thedivide, 
the  metamorphosed  beds  appear  to  form  a 
shallow  trough  broken  along  a  fracture  zone 
opened  through  tho  Jupiter  mine  and  marked 
by  the  first  strong  gap  in  the  divide  west  of 
Jupiter  Peak.  Crumpling  was  noted  at-  the 
head  of  Thayncs  Canyon,  on  the  west  side. 

On  tho  eastern  limb  the  local  deformation 
was  apparently  greater.  At  the  north,  along 
the  east  side  of  Deer  Valley  Meadow  and  Frog 
Valley,  two  areas  show  disturbance  in  strike 
and  dip.  North  of  upper  Drain  Tunnel  Creek, 
in  an  angle  between  faults,  the  beds  are  some¬ 
what  disturbed;  east  and  southeast  of  the 
head  of  Frog  Valley  they  are  much  disturbed, 
contorted,  and  broken;  in  the  extreme  south¬ 
east  corner  of  the  area  mapped,  tho  formations 
show  some  crumpling  and  folding  and  some 
local  breaks;  and  elsewhere  local  crumpling, 
steep  tilting,  and  irregular  contorting  has 
been  found. 

PAin/rt.vo. 


Six  important  zones  of  faulting  have  con¬ 
siderably  modified  the  continuity  of  the  Park 
City  anticline.  These  include  on  the  west  side 
tho  Ontario  and  Duly  West,  the  Crescent,  and 
Massachusetts  fault  zones,  and  on  the  east  tho 
Frog,  McHenry,  arid  Cottonwood  zones.  No 
adequate  and  satisfactory  correlation  of  these 
is  apparent. 

The  Ontario  and  Daly  West  fault  zone  ia 
known  along  its  striko  for  2  miles  from  a  point 
on  tile  surface  immediately  west  of  tho  Par¬ 
leys  Park  shaft  to  an  underground  point  con¬ 
siderably  west  of  the  Daly-Judge  shaft  and 
in  dopth  for  2,000  feet  in  the  Ontario  and  2,100 
feet  in  the  Daly  West,  It  >s  “  strong  zone  of 
fractures  ranging  from  single  definite  fissures 
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to  broad  zones  of  brecciation,  nnd  the  main 
Ontario  fissure  ranges  in  width  from  a  few 
inches  to  n  hundred  feet.  Its  prevailing  strike 
is  N.  60°  E.  and  its  average  dip  is  70°  NW. 
Structurally  it  is  a  great  fault  whoso  hang¬ 
ing  Wall  has  relatively  dropped.  The  amount 
of  displacement  could  not  be  precisely  deter¬ 
mined  but  was  probably  230  feet  just  west 
of  tho  Ontario  No.  3  shaft  and  approximately 
350  feet  on  tho  Daly  West  branch.  It  is 
later  in  date  than  the  intrusion  of  the  diorite 
porphyry  and  earlier  than  certain  northwest 
faults.  Tlie  economic  effects  of  tliis  disloca¬ 
tion  has  apparently  been  a  relative  elevation 
of  the  ore-bearing  limestone  members.  West¬ 
ward  it  is  highly  probable  that  the  gap  and 
decided  offset  in  the  main  divide  above  the 
Daly-Jndgo  shaft  are  duo  largely  to  this  great 
fault  zone. 

Tho  Crescent  fault  zone  is  known  in  the 
Daly-Jndgo  drain  tunnel  on  the  cast  and  con¬ 
siderably  beyond  the  crest  of  Crescent  Ridge 
on  tho  west,  thus  extending  for  at  least  9,000 
foot.  Its  most  prominent  outcrop  is  at  the 
junction  of  Crescent  Ridgo  nnd  Pioneer  Ridge, 
where  the  Nugget  sandstone  and  Ankarch  shale 
are  dropped  into  juxtaposition  with  thoThavncs 
formation.  At  this  point  the  trend  is  shghtly 
north  of  oast  and  the  dip  apparently  very 
steeply  north.  To  tho  east  the  bedrock  in 
tho  courso  of  this  fault  is  heavily  blanketed 
with  glacial  material.  Beyond,  aloug  the 
west  wall  of  Empiro  Canyon,  the  Thaynes 
formation,  equivalent  to  that  on  tho  north 
sido  of  tho  fault  zone  in  Crescent  Ridge,  reap- 
penrs  in  prominent  bluffs  which  continue 
southward.  Clearly  tliis  is  a  great  fault,  and 
tho  apparent  lateral  offset  to  the  west  on 
tho  north  side  measures  about  3,000  feet. 
The  same  displacement  has  undoubtedly  sepa¬ 
rated  the  ove-boaring  limestone  of  the  Daly 
West  from  that  in  the  distant  Silver  King 
mine,  tho  two  limestones  belonging  to  one  and 
the  same  formation. 

Just  north  of  this  zone,  at  tho  collar  of  the 
old  Massachusetts  shaft,  the  Massachusetts 
fault  is  well  defined  between  Weber  quartzite 
on  tho  north  side  and  limestone  and  sandstone 
of  the  Park  City  formation  on  tho  south.  It 
strik63  N-  70°  W.  and  stands  about  vertical. 
Although  much  obscured  by  glacial  drift,  it 
may  bo  traced  on  tho  surface  by  isolated  out¬ 
crops  of  limestone  of  tho  Park  City  formation 


on  the  south  and  of  Weber  quartzite  on  tho 
north  for  ubout  3,000  foot.  Underground  it 
is  well  shown  in  tho  Daly-Judgo  tunnel,  and 
especially  in  the  Alliance  tunnel,  where  it 
strikes  N.  70°-75°  W.  and  dips  6S°-70°  S. 
Although  not  positively  identified  in  the  Silver 
King  mine  proper,  it  is  believed  to  have  been 
cut  by  tho  King-Alliance  connection.  It  has 
offset  boundaries  about  2,. 500  feet  to  tho  west 
on  the  north  side.  With  the  Crescent  fault,  it 
outlines  an  cast-west  wedge  of  sediments  which 
has  appuroutly  been  offset  to  tho  west. 

In  tho  northeastern  part  of  the  district  tho 
topography  and  the  distribution  and  structure 
of  formations  give  evideneo  of  tho  groat  Frog 
Valiev  fault.  Along  the  cast  sido  of  Deer 
Valley  meadow  the  Park  City  formation  rises 
abruptly  from  tho  flat  meadow  bottom,  tho 
contact  betwoon  limestone  and  the  quartzite 
being  concealed  by  alluvium.  On  tho  north, 
in  the  vicinity  of  the  Cincinnati  group  and 
northward,  a  north-south  fault  has  relatively 
raised  tho  Weber  quartzite  on  the  west  or 
moved  the  Park  City  formation  southward  on 
the  east.  Farther  south,  along  tho  eastern  up¬ 
per  slopes  of  Frog  Valley,  a  strong  north-south 
fracture  is  exposed  in  a  gully  with  Woodside 
slialo  on  tlio  east  and  Weber  quartzite  on  the 
west.  On  the  south,  about  100  feet  above 
the  valley,  the  fault  divides  and  includes  a  nar¬ 
row  lens  of  Park  City  formation.  Still  farther 
south  tho  fault  continues  around  the  eastern 
slope  of  Bald  Eagle  Mountain,  with  Thaynes 
formation  on  tho  east  and  Weber  quartzite  on 
tho  west.  The  course  of  the  main  fault 
around  Bald  Eagle  Mountain,  curving  east¬ 
ward,  indicates  that  tho  plane  of  dislocation 
dips  about  45°  W.,  and  tliis  is  corroborated  by 
conditions  in  the  Ontario  drain  tunnel.  The 
fault  could  not  be  found  south  of  the  bottom 
of  McHenry  Canyon,  nor  could  its  actual  rela¬ 
tion  with  the  McHenry  fault  be  observed. 

These  facts  bidicate  ft  great  compound  over¬ 
thrust  fault.  Tho  west  side  has  ridden  up  over 
tho  east  sido  for  many  hundred  and  probably 
for  more  than  2,000  feet.  On  tho  east  side  of 
Bald  Eaglo  Mountain  tho  Weber  quartzite 
laps  up  into  contact  with  tho  Thaynes  for¬ 
mation,  concealing  the  entire  Park  City  and 
Woodside  formations.  Economically,  the  rec¬ 
ognition  of  this  ovcrtlirust  fault  extends  ex¬ 
ploration  beyond  previously  known  limits  of 
the  ore-boaring  Park  City  formation  into  regions 
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of  favorably  fractured  intrusion  and  mota- 
morphism. 

Another  great  fault,  the  McHenry,  of  dif¬ 
ferent  type  but  quite  as  extonsive,  lies  imme¬ 
diately  south  of  the  Frog  Valley  fault.  This 
fault  is  traceable  eastward  along  McHenry  Can¬ 
yon  from  a  point  about  half  a  mile  below  its 
head  to  a  point  about  2,000  foot  east  of  the 
Liberty  tunnel,  ft  total  distance  of  a  mile.  The 
actual  fault  plane  appears  at  the  surface 
where  opened  just  oast  of  tho  llawkeyo  shaft 
as  a  zone  of  iu tense-  brecciation  striking 
east-northeast  and  dipping  45°  N.  between 
metamorphic  limestone  on  the  north  and  mas¬ 
sive  quartzite  on  the  south.  On  tho  oast  it  is 
marked  hy  scattered  quartzite  ledges  and  a 
contact  between  metamorphic  limestone  of  the 
T'naynes  formation  and  Weber  quartzite. 
Underground  it  has  been  opened  for  many 
hundred  feet  in  the  Lowell,  McHenry,  and 
Hawkcyc  mines.  Much  of  these  mines  is  in¬ 
accessible,  but  in  portions  of  the  Hawkcye 
the  M c.Hor.ry  fault  appears  as  a  zone  of  intense 
fracturing  and  brecciation  striking  oast,  with  a 
width  ranging  from  a  few  inches  to  170  feet  but 
averaging  a  few  foot.  Tho  hanging  wall  is  com¬ 
monly  metamorphio  limestone,  though  for 
many  hundred  feet  on  one  level  it  is  quartzite; 
and  the  footwall  is  quartzite,  some  metamor¬ 
phic  limestone,  and  porphyry.  At  one  point 
well-defined  slic.kensidcs  pitch  45°  SW.  Tho 


tl,o  engulfing  and  »b,0rpti„„.o,  portions  ,  h 
invaded  sediments  by  intrusive  ningm.w  was 

irgeoi i  small,  the  compressive  toree  exerted  on 
the  sediments  tv„s,  „vra  if  r,lU,d  „t  n)illi. 
mura,  very  great. 

The  introduction  of  the  Clayton  Peak  mass, 
which  probably  entered  tho  lower  portion  of 
these  sediments  only,  without  reaching  the 
surface,  doubtless  domed  tho  overlying  Tri- 
&Sbic  and  «!utqssic  ^ediroonte. 

The  invasion  of  the  Carboniferous  forma¬ 
tions  by  diorite  porphyry  magma,  apparently 
fore  mg  its  way  irregularly  northeastward, 
would  seem  to  huvo  been  accomplished  under 
very  high  pressure.  Deformation  directly 
traceable  to  it  is  seen  in  several  places.  Two 
miniature  examples  will  suffice  to  prove  its 
existence  and  to  show  its  nature,  and  thus 
point  the  way  for  detecting  similar  effects  on 
a  larger  scale. 

In  tho  Silver  King  mine,  on  the  1,100-foot 
level,  the  main  crosscut  south  has  exposed 
tongues  of  diorito  porphyry  extending  upward 
into  calcareous  sandstone.  Aside  from  tho 
rnctaniorpliic  influence  of  this  intrusion,  its 
structural  effect  consisted  in  crushing  the  rock 
ahead,  in  fracturing  it,  and  in  opening  fissures. 
Similarly,  a  knob  or  miniature  laccolith  exposed 
on  tho  north  side  of  the  main  road  just  west  of 
the  West  Quincy  mine  reveals  flexing  of  beds, 
crushing,  shattering,  and  Assuring. 


general  effect  of  this  groat  fault  has  been  to  The  great  intrusive  bodies  may  reasonably 
offset  the  formation  boundaries  on  the  south  be  supposed  to  have  acted  in  precisely  the  same 
side  eastward  for  at  least  2  miles.  manner  on  a  proportionately  larger  scale. 

The  Cottonwood  fault  lies  in  tho  extreme  Thus,  in  the  area  of  the  Frog  Valley  overthrust 
southeastern  part  of  the  district,  in  Cotton-  fault  and  tho  McHenry  and  Cottonwood  faults, 
wood  Canyon,  from  which  it  is  named.  About,  a  wedge  a  mile  long  north  and  south  und  2,000 
4,000  feet  southeast  of  tho  Valeo  mine  the  feet  thick,  comprising  the  lower  formations  on 
eastern  wall  of  Cottonwood  Canyon  is  inter-  tho  west,  is  thrust  up  over  tho  Park  City  and 
rupted  by  a,  low  saddle,  which  marks  a  fault  Woodsidc  formations  on  the  east  until  the 
coiftact  between  Weber  quartzito  on  tho  north  Weber  quartzite  laps  against  tho  Thnynes  for- 
and  Woodside  shale  on  the.  south.  The  fault  motion;  and  on  the  south  a  block  averaging 
has  bcou  followed  along  a  sinuous  east-west  2  miles  in  width  north  and  south  and  made  up 
course  for  about  4,500  feet.  Its  effect  has  been  of  sedimentary  formations  from  the  W  eber  to 
to  shift  tho  formation  on  its  north  side  toward  the  Thuynes  nnd  intruded  porphyries  has 
tho  east  for  about  4,000  feet.  It  may  thus  bo  moved  bodily  eastward  at,  least  2  miles, 
regarded  ns  a  smaller  companion  faidt  to  tho  The  evidence  indicates  that  a  series  of 
McHenry,  the  two  inclosing  between  them,  a 
wedge  which  has  moved  relatively  eastward  or 
upward. 

DEFORMATION'  DY  INTRUSION. 

The  injection  of  great  bodies  of  diorite  and  j  this  area  are  thus  tho  highest  and  easternmost 
diorite  porphyry  into  the  sedimentary  rocks  ob-  j  members;  that  at  the  east  end  nnd  ahead  o 
vio«sly  caused  intense  deformation.  Whether  l  this  chnin  of  intrusives  the  formations  are 


intrusive  bodies  extends  W  a  narrow  east-west 
belt  across  the  Wasatch  Range;  that  they 
invaded  the  Park  City  ™  from  the  west, 
i _ iintrAril  niifl  Aflstwnrd;  tliut  thus©  m 
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thrust  eastward,  ono  formation  completely 
over  the  next  two  normally  overlying  ones; 
and  that  directly  in  the  path  of  the  intmsives 
the  foiTnations  have  given,  way,  chiefly  on  two 
great  faults,  and  have  moved  relatively  east¬ 
ward  at  least  2  miles. 

The  occurrence  of  horses  of  limestone,  of 
Pennsylvanian  and  of  lower  Mississippiim 
(Madison)  age  in  diorite  porphyry  in  the 
Southeastern  portion  of  this  area  also  indicates 
extreme  deformation  by  intrusives,  blocks  of 
limestone  from  a  few  feet  up  to  1,000  and  even 
2,000  feet  in  length  being  entirely  inclosed  in 
porphyry.  Some  of  these  blocks  may  be  safely 
correlated,  hv  their  relative  position,  with  cer¬ 
tain  near-by  limestone  members  intercalated  in 
the  Weber  quartzite.  Fossil  evidence,  in  the 
opinion  of  Dr.  Girty,  shows  some  to  bo  lower 
Weber  (Pennsylvanian)  and  others  to  be  Madi¬ 
son  (lower  Mississippian).  In  other  words,  the 
horses  pretty  clearly  belong  lower  by  several 
thousand  feet  than  the  lowest  sediments  out¬ 
cropping  in  their  normal  sequence  in  this  region, 
showing  that  the  intrusive  roiigmn  tore  away 
portions  of  lower-lying  formations  and  floated 
them  up  for  thousands  of  feet. 

HYDROTHERMAL  METAMORPHISM. 

Alteration  by  hot  waters  takes  place  chiefly 
along  fissures  and  is  characterized  by  the  for¬ 
mation  of  quartz,  sericite,  and  pyrite,  and 
locally  bv  other  minernls.  It  occurs  in  the 
Park  City  district  along  certain  major  zones  of 
fracture,  especially  adjoining  extensive  bodies 
of  intrusive  rock. 

CONTACT  METAMORPHISM. 

EXTENT  and  GENERAL  CHARACTER. 

The  intrusion  of  diorite  and  of  diorito  por¬ 
phyry  has  altered  the  sedimentary  rocks  for  a 
variable  distance — averaging,  probably,  a  good 
deal  less  than  a  mile— -from  the  contact  on  every 
side.  The  con  tact -met  amorphic  effects  are 
most  conspicuous,  nud  have  been  most  thor¬ 
oughly  studied,  along  that  rugged  western  seg¬ 
ment  of  the  Wober-Provo  watershed  that,  is 
sometimes  culled  the  “contact  divide.”  This 
crest  lies  near,  and  in  general  parallel  to,  the 
north  side  of  the  Alta-Clayton  Peak  stock.  Its 
location  and  its  rugged  character  depend  upon 
the  exceptional  touglincss  of  the  met  amorphic 
rocks  that  vrere  formed  near  the  diorite  from 


strata  whose  resistance  to  erosion  is  normally 
weak,  fn  a  considerable  area  extending  along 
the  contact  divide,  the  formations  arc  so  dis¬ 
guised  by  induration,  change  of  color,  recrys¬ 
tallization,  and  tho  development  of  new  min¬ 
erals  that  their  boundaries  can  not  bo  traced 
and  they  are  mapped  together.  In  many 
places,  however,  formations  or  even  individual 
beds  may  bo  traced  from  outcrops  whore  they 
are  unaltered  to  the  very  cont  act,  and  tho  effect 
of  metamorphism  traced  through  nil  its  grada¬ 
tions. 

ALTERATION  OI'  LIMESTONE. 

Tho  limestones  have  been  greatly  altered. 
Limcstono  lias  been  replaced  by  sulphides  in 
some  places  at  the  immediate  contact,  and  it 
has  been  extensively  altered  to  marble  and  to 
rocks  containing  metamorphic  silicates. 

Perhaps  the  most  perfect  example  of  sul¬ 
phide  along  a  contact  was  observed  in  the 
Silver  King  mine,  1,100-foot  level,  on  the  south 
crosscut  at  the  fork  of  the  drift  west,  where  ft 
band  of  pyrite  about  half  au  inch  thick  lay 
between  diorite  porphyry  and  a  calcareous 
bed  in  a  gangue  of  c&Icite.  In  the  Daly  West 
mine  also  a  hody  of  rich  sulphide  ore  in  tneta- 
morphic  limestone  immediately  overlay  diorite 
porphyry. 

Coarse  white  marble  may  bo  seen  at  many 
places  along  the  “contact  divide”  and  in  tho 
horses  of  limestone  inclosed  by  the  diorite  por¬ 
phyry  east  of  Bonanza  Flat.  There  is  little 
doubt  that  at  all  these  plnces,  -which  are 
near  the  contact,  the  recrystallization  of  tho 
limestone  was  caused  by  the  intrusive  rocks. 
On  the  other  hand,  the  marble  that  occurs 
on  a  knob  southeast  of  Frog  Valley,  about 
a  mile  away  from  any  exposed  intrusive  rock 
and  close  to  the  great  Frog  Valley  overthrust, 
may  have  been  formed  by  dynamic  metamor¬ 
phism  duo  to  tho  overthrusting. 

The  metamorphosed  limestone  containing 
silicates  is  generally  greenish  gray  to  olive- 
green  in  color.  It  is  most  abundant  in  the 
Thaynes  limestone,  which  forms  a  large  part  of 
the  contact  divide,  and  is  well  exposed  on  the 
crest  south  of  tho  Daly-Judge  mine,  on  Jupiter 
Hill,  and  near  Scott  Peak. 

The  minerals  developed  by  this  metumor- 
pliisrn  comprise  most  of  the  regular  contact- 
metamorphic  series,  the  most  common  prob¬ 
ably  being  epidote.  Brown  and  green  garnet 
arc  also  found,  generally  in  massive  form  but 
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hero  nml  there  partly  crystallized.  M  one 
point. largo  mosses  of  vesuvianite  are  mtcigUiwn  I 
with  spinel  ami  minute  crystals  of  chabnzite 
are  scattered  thicldy  over  the  surface  of  the 
metamorphosed  rock.  Augitc  is  ab .mdout  in 
many  places.  Mica  is  present,  both  bio  tit©  'ul( 
muscovite,  but  chiefly  the  latter.  Phigioc ■  nsc 
feldspar,  probably  olbite,  was  also  detected- 
In  some  places  these  minerals  are  massive, 
composing  the  entire  rock,  and  in  otheis  they 
lie  in  a  matrix  of  eulcile.  Associated  with 
them  are  the  metallic  minerals  specularito, 
sphalerite,  pyrite,  chalcopyrite,  and  magnetite, 
intergrown  with  the  metnmorphie  silicates  in 
such  a  way  ns  to  demonstrate  their  contempo¬ 
raneous  origin. 

ALTERATION  OF  SKAX.B  AND  SAVIWTONE. 

The  contact,  me ta morphism  of  shale  is  us 
pronounced  as  that  undergone  by  limestone, 
though  less  varied  anti  perhaps  less  extensive. 
Metamorphosed  Woodside  and  Ankareh  shales 
occur  south  and  east  of  the  Paly-Judge  shaft, 
and  also  in  Jupiter  Hill.  The  most  conspicu¬ 
ous  effect  of  metamorphism  in  the  shales  is 
the  alteration  of  their  prevailing  color  from 
red  to  green.  Complete  gradations  may  be 
traced  from  unaltered  red  shale  to  tough  green 
hornstone,  intermediate  stages  being  repre¬ 
sented  by  rocks  that  aro  mottled  in  green  and 
red.  Microscopic  examination  shows  that  this 
characteristic  alteration  is  due  chiefly  to  the 
development  of  epidote.  There  also  appears  to 
be  an  increase  in  quartz. 

In  the  metamorphism  of  the  coarser  siliceous 
rocks,  ns  sandstone,  the  apparent  change  is  still 
more  simple  and  less  extensive.  The  impuri¬ 
ties  of  the  matrix  aro  driven  off  and  the  silicu, 
doubtless  with  additional  magmatic  silica,  is 
united  with  the  quartz  gr  ains  in  a  solid  moss  of 
quartzite. 

ORE  DEPOSITS.* 

MIRERAXOGT  OF  TBS  OBES. 

native  elements. 

Gold. — The  “gold  ledge”  in  the  Silver  King 
mine,  700-foot  level,  is  reported  to  have 
yielded  considerable  gold,  but  microscopic 
examination  of  the  rusty  material  failed  to 
reveal  gold.  Men  who  sluiced  and  washed 

• - — - * - 

i  AWiracIM  frota  Houlwnll,  1.  M  ,  op.  clt.,  pp.  105-130.  Pc*«criplloos 
1,1  „  fow  minerals  found  sine®  BoulwoU’i  study  of  lh«  district  nr® 
itueried. 
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tailings  in  Woodside  Gulch  below  the  Silver 
King  nml  old  Mayflower  mills  and  also  in 
Silver  Creek  in  Park  City  proper  aro  reported 
to  have  saved  gold  enough  to  make  good  pay. 

suu-hiiif.s. 

Galena.—* The  isometric  1,-ad  sulphide  (PbS) 
is  the  principal  ore  mineral  in  this  district. 
Tt  commonly  occurs  m  massive  form,  both 
cleavahlo  and  granular,  rarely  crystalline,  in 
fissures  and  beds  in  limestone  and  locally  in 
quartzite. 

Pyrite. — The  only  iron  sulphide  observed  in 
the  district,  pyrite,  is  a  relatively  unimportant 
constituent  of  the  ores.  Tt  is  probably  most 
common  in  ores  which  occur  in  or  adjacent  to 
fissures.  Its  usual  occurrence  is  in  granular, 
massive,  and  semicrystalline  form  intergrown 
with  other  sulphides  in  lode  ores  or  intor- 
banded  with  them  in  lode  and  replacement  ores. 

CltaJc-ojHjritc. — The  sulphide  of  copper  and 
iron,  chalcopyrite,  is  rarely  seen  in  the  Park 
City  district.  In  the  few  occurrences  observed 
it  is  in  massive  form  intimately  intergrown 
with  pyrite,  galena,  or  sphalerite. 

CJtalconU. — The  black  sulphide  of  copper, 
chalcocite,  is  rare  in  the  district.  Tt  occurs 
sparingly  ns  a  coating  on  chalcopyrite  und  on 
cupriferous  pyrite,  more  commonly  in  fracture 
zones  at  moderate  depth.  Nowhere  is  it 
known  to  form  a  vein  or  solid  minablc  mass. 

Sphalerite. — The  sulphide  of  zinc,  sphalerite, 
occurs  abundantly  in  various  forms  through¬ 
out  the  district,  usually  in  a  rather  deep  brown 
to  resin-colored  massive  specular  form  inter- 
rjown  with  ore  minerals  nnd  in  semicrystnlline 
‘orm.  Tt  is  more  common  in  lodes,  particularly 
it  considerable  depth,  and  in  beds  in  the 
Thames  formation  adjacent  to  fissures.  It 
appears  to  increase  with  nearness  to  extensive 
intrusive  bodies,  as  in  the  great  frootmyone 
in  the  Ontario,  Daly  West,  and  Only-Judge, 
md  their  bed  ores  adjoining  fissures  in  the 
Kearus-Keith  and  California. 

SULFlfARHENlTES  AXI>  80I-PH ANT.MONITK8. 

TelraihedrUe. — Gray  copper  tetral.ed.-iU>,  h 
a  complex  sulphuntimonite  ot  copper  (4Cu2b. 
5b!s)  which  may  contain  arsenic  and  zinc. 

5D,.-53j,  j  district  in  lodes  and 

It  occurs  widely  in  this  .  -  hnth 

somewhat  less  commonly  m  bod  o.es,  m  both 

massive  and  crystalline  form. 
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JamcioniU. — Jnmesonite  Was  determined  in 
three  specimens  from  the  California  mine  dump. 
Van  Horn  1  states  that,  he  has  found  janiesonite 
in  notable  amounts  in  the  district. 

Jioumonile. — Vun  Horn  reports  finding  bour- 
nonito  (PbCu2)Sb-,S0  at  the  Silver  King  and 
Daly  West  mines. 

cur.oiunEs  and  ii.uokides. 

Cerargi/ritc. — A  specimen  of  rich  copper  ore 
from  the  ore  bed  in  the  Scottish  Chief  mine  at 
the  third  level  was  reported  to  carry  high  values 
in  silver.  On  chemical  examination  Dr.  llillc- 
brand  detected  a  chloride  which  he  is  inclined 
to  regard  as  that  of  silver — cerargyvite.  It  was 
not  found,  however,  in  sufficient  quantity  to 
recognize  with  the  naked  eye. 

Fluorite. — Fluorite  was  found  in  intimate 
association  with  lead-silver  ore  in  two  mines 
and  was  suspected  at  a  few  other  points. 

OXIDES. 

Massicot. — One  of  the  principal  features  of 
the  mineralogy  of  tho  ores  in  this  district  is  the 
earthy  yellowish  material  resulting  from  the 
alteration  of  load  minerals.  It  varies  from  a 
dusty,  bright-yellow  coating  through  dull 
waxy,  rusty  and  brownish-yellow  or  flesh- 
colored  solid  masses  inclosing  cores  mado  up  of 
concentric  layers  of  ccrusite,  anglcsitc,  and 
galenu.  In  the  mixed  galena-tctrahedrite  ore 
the  products  of  oxidation  of  copper  are  also 
present.  Qualitative  analysis  of  the  material 
shows  that  it  is  a  mixture  of  several  secondary 
lead  minerals.  Most  careful  attempts  to 
isolute  any  particular  class  of  this  material  for 
analysis  were  only  partly  successful,  as  the 
analysis  indicates  the  presence  of  several  min¬ 
erals,  probably  including  the  lead  monoxide, 
massicot  (PbO);  the  complex  hydrous  anti- 
raonnte  of  lead,  bindheimitc;  a  little  of  the 
arsenate  of  lead,  inimetite;  probably  other  lead 
compounds;  limonite;  and  colei  to. 

Magnetite. — Magnetite  has  been  found  in  a 
number  of  places  in  the  district  but  is  not 
common.  It  occurs  with  garnet  as  a  contact 
mineral  in  limestone  adjacent  to  intrusive 
rocks. 

Specular Ue. — The  micaceous  or  specular  vari¬ 
ety  of  hematite,  specularite,  occurs  at  several 
points  as  a  contacts metamorphic  mineral  in 
limestone  adjacent  to  intrusive  rocks.  It  is 


most  abundant  in  tho  contact  zone  at  the 
southern  head  of  Thnynes  Canyon  and  along 
the  overlooking  divide  to  the  southwest. 
The  Thaynes  formation  was  here  invaded  by 
diorito  mngrna,  which  apparently  extended 
northward  underneath  the  sediments.  Along 
the  zone  immediately  overlying  this  intrusive 
and  adjoining  the  dikes  that  break  upward 
across  the  bedding  tho  limestone  is  highly 
metamorphosed.  The  specularite  occurs  in 
sheaves,  in  curved  folia,  in  large  irregular 
masses,  and  in  hands  closely  associated  and 
intergrown  with  the  products  of  contact 
metamorphism  of  tho  limestone.  Green  garnet 
is  most  abundant,  with  much  calcite,  some 
greenish  quartz,  and  probably  some  epidote. 

Limonite. — Hydrous  oxide  of  iron,  limonite, 
is  found  most  abundantly  in  the  oxidized  super¬ 
ficial  parts  of  ore  bodies  which  have  an  iron 
base.  Workings  iu  ore  zones  near  the  surface 
have  revealed  extensive  masses  of  limonite. 

Pyrohmte. — A  black  mineral  occurs  com¬ 
monly  in  the  form  of  a  dense  black  coating  and 
also  as  a  sooty  powder  on  croppings  of  ore 
shoots  and  underground  ore  zones.  An  excel¬ 
lent  sample  takon  from  the  cropping  of  the 
Ontario  lode  was  determined  by  Dr.  Ilillebrand 
to  be  an  “oxide  of  manganese.” 

Quartz. — Quartz  is  found  in  very  many  forms, 
both  massive  and  crystalline,  throughout  the 
district  but  is  not  particularly  abundant.  In 
both  lodes  and  beds  the  massive  variety  is  a 
common  gangue  of  the  ore.  In  beds  it  is  locally 
porous  and  honeycombed,  ns  on  some  of  the 
upper  levels  of  the  Silver  King  mine  and  on  the 
Hammer  tunnel  level.  In  lodes  a  massive  gray 
silica  commonly  forms  tho  body  of  the  vein, 
with  sugary  quartz  occupying  areas  among  the 
metallic  constituents.  In  the  ore-bearing  frac¬ 
ture  zones  in  Daly-Judge  ground  on  the  west 
geodes  formed,  in  which  some  excellent  quartz 
crystals  were  found.  One  such  specimen, 
which  is  tho  property  of  the  Park  City  Bank, 
showed  single  crystals  3  inches  across  and  5  to 
6  inches  long.  Another  from  the  same  locality 
shows  sphalerite  crystals  ombedded  in  and 
partly  coated  by  aggregates  of  small  quartz 
crystals.  One  of  the  most  perfect  crystals 
seen  was  found  in  the  dump  of  the  Jupiter 
lower  tunnel.  It  is  1  by  21  inches  and  shows 
at  least  four  rhomboliedra.  On  the  llanauer 
tunnel  level  of  tho  Keavns-Koith  mine  the  ore 
is  locally  replaced  by  layers  of  quartz  a  quar- 
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ter  of  »m  inch  thick,  whoso  upper  unci  lower 
surfaces  are  formed  of  crystals;  these  layers, 
like  the  walls  of  (ho  ore  body,  are  parallel  to 
the  bedding.  The  more  common  associates  of 
the  quartz  are  sphalerite  and  galena. 

Spinel.  — In  the  southwest  corner  of  (he  area, 
2,550  feet,  S.  35°  E.  from  Clayton  Peak,  a 
boulder  about  2  feet  in  diameter  was  found  ia 
talus  about  at  the  contact  of  (lie  main  diorito 
to  ass  with  limestone.  The  limestone  along  the 
contact  is  highly  metamorphosed,  showing  con¬ 
tact  minerals,  and  the  boidder  is  a  solid  mass 
entirely  made  up  of  two  contact  minerals — 
spinel  and  vesuvianite. 


i  ore  bed  of  the  Se^HiuK  m  •  r 
leveled.  Xottwh  Chief  nui^e, 


on  the 


CAanovATRs, 

Ceru#ite. — The  carbonate  of  lead  occurs  com¬ 
monly  throughout  the  district  as  a  normal 
product.  Its  more  usual  occurrence  is  in 
crevices  ov  pits  in  galena  which  are  lined  with 
a  thin  zone  of  anglesite  that  beurs  inside  a 
velvet-like  layer  of  minute  tabular  pinkish  to 
pearly-white  crystals  of  cerusite. 

Azurile  and  malachite. — The  comparatively 
rare  occurrence  of  the  primary  copper  sulphides 
results  naturally  in  a  corresponding  dearth 
of  copper  carbonates.  They  arc,  however, 
encountered  here  and  there  in  the  zone  of 
superficial  alteration  and  along  fractures  nfi’ord- 
ing  waterways. 

Rhodochros lie . — Two  possible  occurrences  of 
rhodoehrosite  are  known.  Part  of  a  gnngue 
mineral  determined  chemically  to  be  rhodo¬ 
nite  gave  a  slight  intumescence,  which  was 
probably  due  to  the  presence  of  some  of  the 
carbonate  rhodoehrosite.  Again,  a  specimen  of 
pink  9omicrystaUine  material  showing  aggre¬ 
gates  of  minute  curved  rhombohedra  is  either 
rhodoehrosite  or  colored  dolomite. 

Calcite. — A  relatively  unimportant  part  is 
played  by  calcite  amoug  the  minerals  of  the 
district.  It  occurs  locally  as  gangue  in  zincif¬ 
erous  lead  ores,  usually  in  bed  deposits  but  hero 
and  there  in  lodes. 

Dolomite.— Dolomite  has  not  been  recog¬ 
nized  as  of  common  occurrence,  though  in 
severul  places  it  is  believed  to  bo  present,  asso¬ 
ciated  with  calcite. 

srLlCATES. 

Chrysocolla. — The  hydrous  silicate  of  coppor, 
ehrysocolla,  is  occasionally  found.  The  best 
example  seen  occurred  with  tetrahedrite  in  the 
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thud  level  east. 
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Of  the  district  in  ]imeItone  h„  t  ?m  part 
great  diorite  intrusion  of  Clavtor^P toTfch.° 
most  common  in  dark  ■  *  **’  18 

ments  of  limestone  tl,°  !  1:i"aS\Vo  replace- 

Vesuvianite  was  found  in  the 
southwestern  part  of  tho  district>  |lkJ  ^ 

southern  contact  ot  tho  intrusive  rock  of  Clay¬ 
ton  Peak  with  limestone-  it  is  Wn  ini 
with  spinel.  ’  h  R  ‘"tergrown 

Epidotc Epido  to  in  massive  form  is  asso¬ 
ciated  with  garnet  and  speculate  in  metn- 
morphic  limestone  adjacent  to  tho  Cluvton 
Peak  mass  of  diorite. 

Chlorite.  Chlorite  occurs  in  altered  lime¬ 
stone  adjacent  to  intrusive*  at  several  points 
on  the  surface  and  underground. 

Serpentine.  Seams  and  beds  of  serpentine 
occur  in  decomposed  fractured  metnmorpliic 
limestone  on  the  1,500-foot  level  near  No.  2 
shaft  of  tho  Ontario  mine. 

Rhodonite.—1 Tho  silicate  of  manganese,  rho¬ 
donite,  is  rare  in  this  district.  On  t  ho  Ontario 
1,500-foot  level  near  No.  2  shaft  it  is  associated 
with  quartz  in  tho  gangue  of  a  lode  carrying 
galena,  pyrito,  and  sphalerite. 

Mic-a. — Pule  bluish-green  imperfect  crystals 
of  mica,  found  in  association  with  silicates 
which  formed  in  contact  zones  adjacent  to  in¬ 
trusive  rocks,  probably  belong  to  the  chlorite 
group,  though  some  may  bo  muscovite.  One 
or  two  blackish  hexagonal  crystals  of  mica 
were  seen.  .VII  tho  micas  appear  to  lie  at  or 
near  an  igneous  contact.  Tho  scricitic  variety 
of  muscovite  is  rather  abundant  as  a  gangue 
mineral.  It  was  noted  especially  in  the  Daly- 
Judgo  and  Silver  King  names,  where  it  occurs 
as  a  whito  taley  gangue  in  fissure  oro  and  as  a 
replacement  of  limestone. 

Chabazite. — In  the  contact  zone  along  the 
southern  margin  of  the  Clayton  Peak  stock 
small  peurlv  white  crystals  of  chnbazite  fleck 
the  metamorphic  muterinl. 

Calamine.  — Cairn  nine  is  reported  by  Van 
Horn  1  from  the  Quincy  mine. 

PHOSPHATES. 

PijrartuirjjhUc. — In  certain  croppings  and 
upper  portions  of  shoots  of  the  lead  ore  pyro- 

i  Van  Ilnm,  V.  R.,  °P-  cU.,  p.  47. 
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morpl'Jteis  probably  present  in  small  quantities, 
but  it  lias  not  been  definitely  determined. 

Phosphate  rock. — Phosphate  rock  occurs  in 
the  Park  City  formation. 

absbnatks. 

Minuiilc. — Mimetite  is  a  combination  of  lead 
arsenate  (00.7  per  cent)  and  lend  chloride 
(0.3  per  cent)  in  hexagonal  crystals.  It  is 
believed  to  be  present  in  the  yellow  oxidation 
products  from  the  golcna-tctrahedrit©  ores. 

Bindheimite. — A  yellow  mineral  believed  to  be 
in  part  bindheimite  occurs  as  an  alteration 
product  of  gnlena-telrahcdrite  ore. 

SULPHATES. 

Anglexitc. — The  sulphate  of  lead,  anglesite, 
occurs  widely  iu  moderate  quantities  in  the 
lower  part  of  the  zono  of  oxidation,  in  both 
lode  und  replacement  bodies,  as  the  first  pro¬ 
duct  of  the  alteration  of  galena. 

ChalcantMlc. — The  common  hydrous  sul¬ 
phate  of  copper,  chnlcnnthite,  is  rarely  met  in 
the  mines  of  the  district. 

BariU. — Barite  was  found  ut  a  prospect  on 
top  of  Flagstaff  Mountain,  where  it  had  appar¬ 
ently  incrustod  the  walls  of  fissures  in  quartzite. 

Gypsum. — Gypsum  was  found  in  massive 
form  on  the  dump  of  an  old  working  of  the 
Summit-  Co.  at  the  head  of  Thuynes  Canyon, 
whero  it  apparently  has  been  formed  by  mine 
waters.  In  a  specimen  of  ore  from  the  Wabash 
mine,  600-foot  level  south,  Lindgren  noted 
semicrystulline  to  fibrous  gypsum  forming  the 
gaugne  of  a  granular  zinciferous  galena- 
tetrahedrite  ore. 

Goslnrite. — The  hydrous  sulphate  of  zinc, 
goslarite,  was  seen  in  small  fibrous  tufts  in  old 
workings  on  walls. 

OCCTTHHEITCE  OF  THE  ORES. 

TYPES  OF  083. 

The  ores  of  the  Park  City  district  occur  as 
lode  deposits  and  as  bed  deposits  iu  sedi¬ 
mentary  and  intrusive  country  rocks.  The 
two  types  of  deposits  arc  commonly  associated 
throughout  the  region,  though  some  lodes  and 
veins  occur  alone.  The  principal  lodes  extend 
northeast  through  the  heart  of  the  district 
across  Ontario,  Empire,  und  Woodside  can¬ 
yons.  The  chief  bed  deposits  have  been  found 
in  Empire  and  Woodside  canyons.  Deposits 
of  both  types  also  occur  on  the  east  and  west. 


Fissures  trending  northeastward  carry  lode 
ores  in  the  intrusives  ns  well  as  in  quartzite 
and  limestone.  Bed  ores  are  most  extensive 
and  of  highest  grade  in  the  Park  City  formation 
and  arc  less  abundant  and  leaner  in  the 
Thavnes  formation.  Valuable  bed  ores  have 
been  ruined  to  a  depth  of  somewhat,  more  than 
000  feet;  rich  lode  ore  has  been  found  to 
depths  of  1,600  feet,  and  good  milling  ore  to 
2,000  feet.  In  general,  the  deposits  appear  to 
be  closely  associated  with  fissures  or  intrusive 
rocks. 

LOOK  DEPOSITS.  ’ 

Croppi/ujs. — Several  lodes  outcrop  in  this 
district.,  tho  best  example  probably  being  the 
Ontario,  in  Ontario  Canyon.  One  of  the 
locators  of  this  great  mineralized  fracture 
zone  has  stated  that  tho  cropping  consisted  of 
“a  little  knob  sticking  out  of  t.hc  ground  about 
2  inches  high,”  and  that  this  was  "the  only 
cropping  of  the  lode  which  was  ever  found." 
At  tho  time  of  Boutwell’s  examination  that 
part  of  the  vein  had  been  opened  and  showed 
on  the  surface  as  a  zone  of  crushed  quartzite 
2  feet  wide  between  definite  parallel  fissure 
walls.  This  zone  had  been  traced  along  the 
surface  for  about  1,100  feet,  and  downward 
for  2,000  feet.  At  the  point  of  discovery  and 
along  the  strike  tho  filling  had  undergone 
secondary  und  possibly  tertiary  silicification. 
Tho  quartz  formed  is  dull,  honeycombed, 
chalcedonic,  milky,  and  massive.  The  min¬ 
eralization  is  indicated  by  black,  brown,  green, 
and  yellow  stains.  The  black  and  brown  are 
manganese  oxide,  the  green  is  crystalline  and 
amorphous  malachite,  and  the  yellowish  stains, 
which  are  termed  by  the  prospector  “chlo¬ 
rides,”  are  not  so  readily  determined  but  are 
probably  due  to  alteration  products  of  galena, 
such  as  pyromorphitc,  the  oxide,  massicot, 
and  the  arsenical  antimonato,  bindheimite. 
This  discoloration  or  deposit  is  a  common 
feature  oil  siliceous  croppings.  On  the  strike 
townrd  the  west  at  a  point  just  west  of  the 
Daly  boarding  house  is  a  rusty  quartzite 
ledge,  which  is  usually  regarded  as  the  crop¬ 
ping  of  the  extension  of  this  lode,  and  south 
of  thut,  in  tho  fork  of  (he  road,  is  another 
ledge  of  quartzite  showing  sheeting,  which  is 
held  to  bo  the  apex  of  the  vein  at  that  point. 
Neither  of  these  outcrops  shows  any  minerali¬ 
zation  beyond  silieificatiori  and  some  staining 
with  iron. 


WASATCH  RANGE. 


Several  other  veins  and  lodes — for  example, 
the  Now  York  lode — show  rusting  along  a 
fracture  zone.  Some  of  the  fissures  on  Cres¬ 
cent  Ridge  are  similarly  mineralized  and  show 
also  copper  carbonates. 

Character. — The  lode  deposits  of  the  district 
are  extensive,  strong,  and  valuuble.  I  hoy 
lie  in  a  few  continuous  master  zones,  rather 
than  in  a  large  number  of  small  fissures,  Ihoy 
inuy  be  characterized  us  nrgen tiicrous  lead 
ores  with  some  zinc,  and,  in  certain  places, 
copper.  The  lead  is  nfTorded  in  the  upper 
portions  by  the  carbonates  and  oxides  and  be¬ 
low  by  the  sulphide  and  some  sulphate.  1  lie 
silver  appears  to  lie  in  the  pvrite  and  galena. 
Zinc  is  present  as  the  sulphide.  Copper  ap¬ 
peals  us  carbonates  in  the  upper  levels  and  to  j 
some  extent  at  the  intermediate  levels,  but 
occurs  mainly  in  the  deeper  levels  in  tetra- 
hedrite. 

In  general  the  upper  parts  of  these  deposits 
have  proved  richest,  the  middle  section  has 
been  of  high  grade,  and  the  deeper  partious 
larger  but  leaner.  Exceptions  are  known, 
however;  thus,  in  the  Silver  King  mine  in  sev 
oral  places  the  grade  of  the  ore  in  the  “gash" 
veins  increased  with  the  depth. 

Some  continuous  seams  or  solid  bands  of 
ore  occur  between  frozen  contacts.  The 
grcuter  part  of  the  lodes  being  worked  ut  the 
present  day,  however,  consist  of  disconnected 
seams  and  bunches  of  rich  sulphide  ore  scat¬ 
tered  through  much  waste  in  the  fracture 
zones.  Thus,  in  some  of  the  small  properties 
and  on  the  300  arid  600  foot  levels  of  the  Ontario 
mine,  especially  in  the  footwull  of  the  master 
lode,  the  ore  lias  in  thin  seams  frozen  to  the 
walls.  In  tho  Silver  King  mine  at  the  lower 
levels  broad  bands  or  tabular  masses  of  solid 
sulphide  ore  were  found  entirely  filling  fissures. 
The  other,  more  common,  form  of  deposit  is 
admirably  exhibited  in  tho  Ontario  mine  on 
the  1, 500-foot  level,  and  in  the  Daly  West 
mine  on  the  1,400  and  1,500  foot  levels, 
whore  a  strong  fracture  and  breccia  zone  100 
feet  in  width  is  occupied  by  crushed  quartzite 
which  includes  seams,  streaks,  and  bunches  of 
sulphide  ore. 

Intermediate  types  of  occurrence  in  the 
Daly  West  stopes  between  the  1,400  and  1,500  | 
foot  levels  consist  of  single  streaks  in  a  wide 
zone  of  breccia  at  or  near  either  wall  and  a  I 
number  of  roughly  parallel  pay  streaks  dis- ' 
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tribute., I  through  the  ,„nc.  p„rhi,[)s  tho  w 

•;r  °  13  °1  iutiu  deposit  wua  scon 

at  tho  extreme,  west  cud  of  tho  Daly  West 
l.oOMoot  orcl,  where  a  lodo  3.5  feet  vrido  is 

u,„ do  up  of  strong  oro  streaks  on  tiro  foot 

and  hanging  walls  and  nanw  scums 

ami  lenses  of  ore  in  fractures  within  the  !ode 

Arml  ^nbulion.^ The  lodo  deposits  lie  in 
a  general  east-west  zone  about  3  miles  wide 
winch  extends  across  the  et.nlra,  n  of  ^ 

area  from  the  west  nearly  to  its  eastern  bound¬ 
ary  Some  fracturing  is  found  on  the  north 
und  south,  but  no  noteworthy  mineralization 
except  in  this  particular  zone.  Within  the 
main  1  ark  City  zone  the  master  lodes,  com¬ 
prising  (he  great  Ontario  and  Duly  West  system 
and  the  Silver  King  group,  traverse  tho  ground 
exposed  by  Ontario,  Empire,  anti  Woodside 
gulches  for  about  3  miles  nlong  their  strike  and 
through  a  width  of  2  miles.  To  the  east,  in 
the  course  of  the  zone,  ore-bearing  fissures  and 
lodes  have  been  found  in  McHenry,  Wasatch, 
Glencoe,  oud  Cottonwood  canyons,  and  to  the 
west  of  tho  muster  loch's,  in  the  same  course, 
other  lodes  extend  across  upper  Tlmynes  Can¬ 


yon.  Those  on  either  end,  however,  are  rela¬ 
tively  small. 

Within  this  main  area  of  master  lodes  two 
subzones  are  seen.  The  Ontario  und  Daly 
West  system  lies  at  the  southeast  side  and 
includes  most  of  the  important  lodes.  The 
Silver  King  subzone  lies  about  a  milo  to  the 
northwest.  Between  these  two  subzoncs  some 
fissures  are  found  and  a  few  lodes — for  example, 
the  American  Flag.  In  general,  however,  the 
grent  lodes*  lie  in  two  northeast-southwest 
zones  about  a  milo  apurt. 

Fissure  systems. — The  grouping  of  fissures 
into  systems  according  to  their  trends,  which 
has  proved  most  significant  in  certain  districts, 
does  not  appear  to  be  practicable  in  tho  present 
area.  Most  of  the  fractures  trend  east,  and  a 
few  transverse  fissures  trend  north.  Inter¬ 
sections  are  extremely  rare.  Characteristic 
members  of  the  prevailing  system  are  seen  in 
the  Ontario  and  Duly  West  fissure  zones  und 
tho  Silver  King  and  Kearns-Keith  fissure  zones. 
The  principal  members  of  the  other  system  rec¬ 
ognized  on  the  surface  are  tho  Frog  Valley  fault 
and  the  Massachusetts  fault. 

Intersections  along  these  strongest  members 
of  the  lesser  system  could  not  be  made  out. 
The  fairly  accordant  alignment  of  the  known 


308 


ORE  DEPOSITS  OF  UTAH. 


portions  of  the  Frog  Volley  fault  and  of  topo¬ 
graphic  features  at  tnvnrt  the  course  of  the  east- 
west  faults  marked  by  Drain  Tunnel  Gulch 
and  McHenry  Canyon  suggests  that  the  north- 
south  system  is  the  younger.  The  Massachu¬ 
setts  fault  was  not  observed,  on  the  surface  or 
underground,  in  juxtaposition  with  any  other 
fuult. 

Underground,  in  the  Silver  King,  hearns- 
Keith,  and  Duly  West  mines,  members  of  the 
main  east-west  system  are  in  a  few  places  cut 
by  small  fissures  of  the  north-south  system. 
This  evideuco  accords  with  that  noted  on  the 
surface  in  tending  to  show  that  the  latter 
system  is  the  younger. 

Highly  characteristic  of  the  greater  fissure 
system  in  this  district  is  a  branching  or  forking 
habit.  Thus  in  both  the  sou  thorn  series  opened 
through  the  Ontario,  Daly,  Daly  West,  and 
Dnly-Judge  mines  and  the  northern  series 
opened  through  the  Woodsidc,  Mayflower,  and 
Silver  King  mines  the  fissures  of  the  east-west 
system  appear  to  divide  and  subdivide.  The 
feature  is  best  shown  in  the  Ontario  inino, 
where  n  number  of  these  branches  or  ‘'spurs” 
have  been  extensively  developed.  Critical 
examination  of  their  junctions  indicates  that 
these  spurs  aro  true  branches  contemporaneous 
with  the  purent  fissures.  Tlioy  usually  diverge 
slightly  and  then  continue  rouglily  parallel 
to  the  original  fissure.  It  is  hazardous,  how¬ 
ever,  to  conclude  unqualifiedly  that  these 
"spurs”  are  not  portions  of  oblique  fissures 
cut  by  the  muster  fissure,  ns  the  physical 
appearance  of  the  junctions  might  be  similar 
with  either  manner  of  origin.  But  so  far  as 
known  no  continuations  (truncated  extensions) 
have  been  found  in  the  hanging  wall  and  it  is 
most  probable  that  the  "spurs”  are  true 
branch  fissures. 

Lode  systems. — The  system  which  trends 
east-northeast  appeal's  to  include  most  of  the 
grout  lodes  The  Ont  ario  lode  trends  X.  60°  E. 
(average);  tho  Daly  West  lode  X.  60°  E.;  and 
the  Silver  King  lodes  X.  fi0°-S0o  E.  Most 
lodes  trending  differently  are  branches  from 
lodes  of  this  prevailing  trend  or  closely  approach 
this  trend. 

Localization  in  shoots. — Unfortunately  large 
port  ions  of  tho  extensive  workings  on  the  veins 
are  inaccessible.  Nevertheless,  certain  fairly 
well-defined  localizations  of  ore  into  shoots 
were  recognizable.  Thus,  stope  maps  and 


[  sections  published  by  the  Ontario  Co.  indicate 
an  extensive  strong  shoot  pitcliingsteeply  west¬ 
ward  from  the  sin  face  on  either  side  of  Ontario 
j  Canyon  to  the  lowest  levels.  Another  of  less 
extent,  on  the  west,  wus  opened  through  raise 
3,  and  u.  third  in  the  vicinity  of  raises  4  and  5. 
It  appeared  underground  that  enlargement  of 
the  lode  occurred  at  tho  junction  of  the  master 
lode  with  a  few  "spur”  or  branch  veins,  but 
intersections  or  forkings  could  not  be  estab¬ 
lished  as  the  determining  cuuse  of  the  greater 
shoots.  It  seems  not  improbable  that  their 
location  and  form  may  bo  governed  by  that 
of  passageways  and  inequalities  in  the  original 
fissure. 

In  the  Daly  West  similar  localizations  of 
ore  or  enlargements  of  the  lode  comprise 
two  major  and  several  minor  shoots.  One 
at  the  west  end  of  tho  property  is  about  600 
feet  in  length  and  is  35  feet  in  width  just  above 
the  1,400-foot  level.  Tho  second  shoot,  ly- 
I  ing  north  of  the  shaft,  had  been  opened  on 
tho  1,500-foot  level  for  300  feet  to  a  width  of 
30  feet.  This  shoot  is  unlike  the  former, 
which  bos  bands  or  pay  streaks  of  good  width 
and  tolerablo  persistence,  in  that  the  ores  are 
distributed  rather  evenly  in  seams  and  hunches 
through  a  mass  of  crushed  gnngue. 

The  ore  of  the  lodes  in  Silver  King  ground 
was  not,  so  far  as  could  be  observed,  localized 
into  definite  shoots.  The  nearest  approach 
to  one  occurred  in  the  "gash”  lode  near  the 
Donkey  winzo.  This  was  a  Ions  or  wedge- 
shaped  muss  of  high-grade  galena  ore  20  feet 
through  at  its  thickest  part  and  followed  200 
feet  on  its  dip.  It  feathered  out  upward  and 
laterally  and  terminated  abruptly  downward. 
No  good  reason  for  its  location  was  apparent. 

In  several  of  tho  smaller  mines — for  example, 
the  Scottish  Chief  und  Valeo — small  shoots 
have  been  opened.  When  any  reason  for 
their  formation  could  be  found,  it  seemed  to 
bo  either  tho  form  of  the  original  fissure,  or 
intersection  with  a  feeding  fissure,  or  shattering 
I  und  consequent  greater  permeability  of  the 
country  rock. 

Relation  to  wall  rock. — The  influence  of  wall 
rock  on  lode  ore,  whether  ns  regurds  posi¬ 
tion,  amount,  or  character,  was  not  very 
marked. 

Long  observation  in  the  Ontario  mine  has 
given  riso  to  the  saying  that  the  highest-grado 
silvei-lead  ore  lies  between  quartzite  walls, 
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whereas  ferruginous  nilcl  ziocky  mu  * *'■  i*d  occurs 
in  the  porphyry  on  tho  lower  levels.  hime>tone 
walls  naturally  loud  themselves  ^  replace¬ 
ment  tool  are  apt  to  inclose  the  widest  and 
most  irregular  lodes  of  t lie  replacement  type. 
For  this  reason,  probably,  veins  were  observed 
to  expand  between  calcareous  walls  and  to 
contract  on  reaching  more  siliceous  or  quartz- 
ilic  walls. 

Tito  physical  character  of  the  wall  rock 
seems  to  have  influenced  the  character  of 
fissures  in  a  number  of  places.  Thus,  in  the 
Ontario  the  massive  quurtzito  seems  to  favor 
strong,  even,  well-defined  fractures;  limestone 
apparently  breaks  under  stresses  less  readily 
and  evenly;  and  porphyry  contains  the  most 
irregular  and  ill-defined  fractures. 

Persistency. — In  general,  the  fractures  nro 
strong,  well  defined,  and  notably  persistent. 
The  best  example  is  found  in  the  Ontario- 
Dnly  West  system.  The  main  Ontario  fis¬ 
sure  has  been  explored  continuously  along 
its  strike  for  approximately  5,000  feot,  and 
the  Dnly-Doly  West  fissure,  in  the  footwall 
of  the  Ontario  and  beyond  to  the  west,  for  j 


the:-,  though  the  continuations  of  the  zones 
may  contain  ore  Sm.illm-  i,„i  1  .  , 

features.  * eI  es  sllmv  similar 

l  he  persistence  of  fissures  in  depth  has  been 
<  1  said  to  be  approximately  proportional  to 
their  extent  along  their  strike— that  is,  the 
longer  and  stro.,gor  the  fissure  the  greater  the 
depth  to  which  it  may  bo  expected  to  extend. 
Hie  fissures  and  fracture  zones  of  this  district 
ure  no  exceptions  to  this  broad  generalization. 
Iluis,  the  long  Ontario  zone  has  been  opened 
continuously  from  the  surface  to  the  2, 000- 
foot  level  and  is  wider,  stronger,  and  more 
sharply  defined  on  the  1. 700-foot  level  than  at. 
the  surface.  On  tho  bottom,  or  2,000-foot 
level,  it  lies  largely  in  porphyry,  where  it  is 
naturally  less  distinct,  hut  oven  at  this  depth 
it  shows  great  strength,  excellent  walls,  and 
widths  of  1  to  2  feet.  The  mineral  contents 
vary  considerably,  being  greatest  and  richest 
between  the  500  and  800  foot  levels,  especially 
between  the  600  and  750  foot  levels,  and  good 
down  to  the  1,500-foot  level,  where  the  width 
rose  to  100  feet  and  the  ore  became  a  low-grude 
milling  ore.  Below  this  level  between  liiue- 


approximutely  5,000  feet.  Within  these  fis-  j  stone  walls,  and  particularly  on  the  lowest 


sure  zon^s  the  Ontario  lode  lias  been  mined 
for  about  4,000  feet,  and  thouco  along  spur  2, 
a  groat  lodo,  comprising  the  Daly  and  Daly 
West  veins,  has  been  mined  for  5,000  feet 
more.  The  Ontario  fissure,  is  snid  to  end  on 
tho  east  abruptly  against  a  transverse  fault. 
Its  western  end  (in  1912)  was  a  strong  zone 
of  sharp,  well-defined  fissures  and  breccia tion 
that  gave  every  indication  of  continuance. 
The  ore  within  this  frnctu.ru  zone,  however, 
pinched  out  nearly  a  thousand  feet  buck  to 
the  east,  by  normal  feathering  out,  aud  the 
long  stretch  of  comparatively  barren  fracture 
zone  discouraged  further  work.  However, 
another  shoot  may  bo  found  farther  to  the 
west.  Similarly,  the  great  Daly  West  lode, 
where  opened  in  Daly- Judge  ground  west  of 
that  shaft,  showed  a  strong  fracture  zone, 
und  reports  of  latest  developments  indicate 
good  ore  contents. 

The  fracture  zones  containing  the  strongest 
lodes  in  Silver  King  ground,  the  ''gash”  and 
the  ‘gold  ledge/'  appear  to  continue  with  good 
strength  beyond  the  extreme  points  ooened. 
But  the  oro  in  them  pinched  out,  and,  owing  to  | 
the  barren  unmineralized  aspect  of  the  fracture 
zones  beyond,  exploration  wus  not  carried  fur- 


level  in  porphyry,  the  ore  was  of  low  grade  and 
carried  much  iron  and  zinc.  This  zineky  ore 
on  the  bottom  level  occurred  in  two  shoots — 
one  cast  of  the  shaft  and  tho  other  west. 

To  the  west  the  Daly  West  lode  at  a  depth 
of  1,500  feet  appeared  like  the  Ontario  lode  at 
tho  1,. 500-foot  level — a  notably  wide  zone  of 
low-grade  or  milling  oro  currying  considerable 
iron  and  zinc  in  u  gangue  of  silica.  Develop¬ 
ment  at  lower  levels  is  said  to  reveal  tho  con¬ 
tinuation  downward  of  similar  features. 

The  fractures  of  the  ”gnslT'  lodo  in  Silver 
King  ground  soomed  to  extend  downward  in 
the  form  of  a  broad  zone  of  sheeting.  The 
main  shoot  i:i  this  zone  was  reported  by  the 
operators  to  have  terminated  below  sharply  at 
a  depth  of  1,100  feet  along  a  regular  plane. 

In  some  of  the  lesser  mines  shoots  have  been 
bottomed  and  in  others  found  to  persist  to  tho 
deepest  point  worked. 

In  brief,  it  appeurs  that  although  certain 
shoots  of  high-grade  ore  have  given  out  at 
depths  of  approximately  1.000  to  1,500  feet, 
the  fracture  zones  persist  with  great  strength 
beyond  the  greatest  depths  explored,  sonic 
carrying  bunches  of  high-grade  ore  und  others 
only  large  masses  of  milling  ore. 
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DED  DEPOSITS. 

Croppings. — Two  great  scries  0f  bod  deposits 
have  been  opened — that  in  Silver  King  ground 
and  thut  in  Daly  West  ground— and  a  number 
of  minor  deposits,  including  those  in  the  Duly- 
Judge,  Kearns-Keith,  and  Comstock  mines. 
Certain  outcrops  have  been  held  to  h©  apexes 
of  known  ore  bodies  below,  and  underground 
work  in  connection  with  ownership  litigation 
was  asserted  to  have  established  continuous 
connection  between  ore  bodies  and  croppings. 
It  is  unfortunate  that  the  areas  in  which  the 
beds  that  include  the  large,  rich  ore  bodies 
would  normally  outcrop  are  deeply  buried 
beneath  glacial  deposits.  The  known  distinct 
cropping  of  the  great  Mayflower  ore  body  led 
to  ail  ore  shoot  which  descended  gradually  into 
Silver  King  ground  and  might  naturally  be 
taken  for  a  bed  deposit.  Although  its  inclina¬ 
tion  was  doubtless  influenced  by  the  limestone 
beds,  the  ports  of  the  shoot  observed  by  the 
writer  tend  to  show  that  its  position  and  course 
are  closely  connected  with  fissures  and  that  it 
con  not  be  regarded  as  a  nOiTnul  bed  deposit. 
Its  cropping  is  said  to  have  been  a  mass  of  solid 
galena.  North  of  the  mouth  of  Walker  and 
Webster  Gulch,  about  400  feet  directly  above 
the  Daly-Judge  mill,  n  fracture  zone  contours 
the  slope  and  at  certain  points  marks  the  sur¬ 
face  contact  between  the  Weber  quartzite  and 
the  Purk  City  formation.  Parts  of  this  zone, 
which  has  been  mined  out,  ore  said  to  have 
been  mineralized.  In  the  noted  Fairview  suit 
this  was  claimed  us  the  apex  of  certain  Silver 
King  ore  bodies,  and  an  attempt  wus  made  to 
demonstrate  this  by  making  n  connection. 

The  outcrop  of  the  great  ore-bearing  bed  in 
the  Daly  West  ground  and  the  croppings  of 
shoots  in  this  bed  were  not  detected.  The 
connection  of  the  Daly  West  ore  bed  upward 
in  the  Quincy  and  Little  I3eli  has  been  a  mooted 
point,  and  its  positive  demonstration  is  ren¬ 
dered  most  difficult  by  complications  due  to 
intrusion  and  faulting.  The  cropping  of  the 
Quincy  ore-bearing  bed,  the  equivalent  of  the 
Daly  West  bed,  is  said  to  have  been  found  at 
the  east  end  of  the  present  mine  and  just 
below  the  present  wagon  road.  A  connection 
between  this  cropping  and  the  l()0-foot  level 
is  stated  to  have  fallowed  the  main  shoot 
from  the  surface  to  the  great  ore  bodies  under¬ 
ground,  but  examination  failed  to  reveal  oro 
cither  in  the  raise  or  in  the  croppings. 


About  the  headward  slopes  of  the  canyon  the 
extensive  intrusive  mass  of  porphyry  occupies 
the  area  in  which  the  contact  between  Weber 
quartzite  and  Park  City  formation  and  the 
contact  with  the  overlying  ore-bearing  member 
would  normally  outcrop.  Again,  a  fault  which 
traverses  (he  bottom  of  the  canyon  just  east 
of  the  Little  Bell  9haft  may  have  dropped  the 
ore-bearing  member,  so  preventing  its  out¬ 
crop.  The  cropping  of  (hat  member  was  not 
observed  in  mapping  this  region.  Thus,  in 
neither  the  Silver  King  rior  the  Daly  West 
urea  were  actual  croppings  of  known  bed-ore 
bodies  observed. 

On  the  southern  slope  of  Scott  Hill,  however, 
on  the  Scottish  Chief  property,  there  are 
apparently  croppings  of  a  true  bed  ore  body. 
Galena,  anglcsite,  and  cerusite  occur  here, 
with  a  gnngue  of  caleite,  gurnet,  and  limonite, 
in  a  bed  of  coarse  marble  winch  belongs  to 
theThaynes  formation.  This  orc-benring  bed 
has  been  followed  underground  and  a  shoot 
developed  which  appears  to  be  the  downward 
extension  from  these  croppings. 

Character.' — The  bed  deposits  form  the  bo¬ 
nanzas  of  this  district  .  Many  of  them  are  large, 
continuous,  of  high  grade,  and  comparatively 
shallow.  The  profits  from  these  deposits 
have  placed  the  younger  large  properties, 
such  as  the  Daly  West  and  Quincy  and  Silver 
King,  among  the  great  producing  and  dividend¬ 
paying  mines. 

In  general  the  bed  ores  are  sulphides,  with 
some  oxides  of  smelting  grade.  Those  from  the 
deeper  or  isolated  parts  of  the  beds  are  mainly 
galena,  some  gray  copper,  und  pyrite.  In 
certain  places  considerable  sphalerite  is  present. 
The  galena  is  both  coarse  and  fine  cleavable. 
In  the  oxidized  portions  anglcsite,  cerusite, 
an  antimonate  (probably  bindheimite),  and 
malachite  are  found.  C'alcite  and  quartz 
form  the  prevailing  gangue.  The  ores  are 
commonly  dense  and  heavy,  only  the  highly 
oxidized  portions  being  lighter  in  weight, 
semiporous,  and  powdery. 

Areal  distribution. — The  valuable  bed  de¬ 
posits  have  been  found  on  the  upper  north 
side  of  the  main  eastern  spur  from  the  Wasatch 
Range,  which  forms  the  main  divide  of  the 
district.  They  thus  lie  about  the  headward 
portions  of  Empire,  Woodside,  and  Thaynes 
canyons  in  the  Daly  West,  Quincy,  Didy- 
Judge,  Silver  King,  Comstock,  and  Scottish 
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Chief  mines.  Excellent  bed  ore  is  also  found 
b  Walker  and  Webster  Gulch  anti  is  developed 
in  the  Kearns-Keith  mine.  Aside  from  these, 
only  minor  bod  deposits  were  observed. 

Geologic  distribution— The  bed  ores  occur 
in  sedimentary  formations  that  adjoin  the 
northern  flank  of  the  great  Clayton  Peak  lacco¬ 
lith  of  diorito  and  dip  north  and  west  over 
W.cber  quartzite.  The  ore  bodies  are  found  in 
the  calcareous  sediments.  The  Park  City  and 
Thavnes  formations  contain  the  bonanza  ore. 
The" Weber  quartzite  is  known  to  carry  a  few 
small  and  isolated  beds  of  no  commercial  im¬ 
portance.  The  two  red-shale  formations,  the 
Woodside  and  Ankareh,  are  not  known  to  be 
ore  bearing.  In  the  two  calcareous  formations 
the  siliceous  members  are  commonly  barren. 
Much  the  larger  number  of  bodies  and  much 
the  higher  grado  of  ore  has  been  found  in 
the  Park  City  formation,  which  contained  the 
extensive  bodies  of  rich  bed  oro  mined  from 
Silver  King  and  Daly  West  ground  and  some 
from  the  Daly -Judge.  In  the  Thaynes  forma¬ 
tion,  however,  were  found  some  of  the  bed 
bodies  in  the  Dnly-Judgc,  Kearns-Keith,  Corn- 
stock,  California,  and  Scottish  Chief  mines. 

The  character  of  the  ores  from  the  two  for¬ 
mations  is  most  distinct.  Those  from  the 
Thaynes  formation  are  commonly  high  in  sphal¬ 
erite,  iron,  and  silica  and  are  not  only  much 
lower  in  grade  but  much  less  dcsirablo  for 
either  smelting  or  milling  than  those  from  the 
Park  City  formation.  As  compensation,  how¬ 
ever,  they  afford  the  zinc  product  which  in 
recent  years  hus  been  turned  to  excellent  com¬ 
mercial  advantage. 

It  appears  further  that  bed  oro  is  practically 
restricted  not  only  to  these  two  formations 
but  to  certain  members  of  them.  This  re¬ 
striction  is  more  notably  true  of  the  Park 
City  formation.  In  the  Daly  West  mine,  on 
the  900-foot  level,  in  the  south  crosscut  at  the 
west  end  of  the  property  the  bed  deposits  occur 
mostly  in  a  certain  limestone  member  4  to  6 
feet  thick  that  lies  approximately  00  feet  above 
the  Weber  quartzito,  between  a  hanging  wall 
of  fine  siliceous  gray  impure  limestone  and  a 
footwall  of  brown  sandy  quartzite.  This 
favorable  stratum  is  underlain  successively  by 
tho  following  beds: 


Section  of  beds  below 


0r£*arhu,  number  in  Daly  H 
WjOfoQt  level* 


in  ine, 


Clierly  massive  bnnvn  sandatono. . . . 

Lighf-^ray  limestone,  black  <  herta  at  top.' 
r.bmk  limestone,  carbonaceous  at  hase.  f 
\\  lute  sandstone. ..... 

Gray  siliceous  limesto„0  with  zanily 

Thui-bamicd  gray  shaly  limestone . 

Weber  quartzite. 


Fool, 

12-15 


20 

7 

15 

li 


Similarly  in  the  Silver  King  mine  tho  princi¬ 
pal  bed  deposits  occur  in  a  limestone  member  in 
the  lower  part  of  the  Pork  City  formation. 
Along  tho  crosscut  running  northeast  from  the 
station  on  the  900-foot  level  the  drift  passes  up 
through  the  Weber  quartzite  mid  the  basal  part 
of  the  Park  City  formation  to  tho  ore-bearing 
member.  The  beds  traversed  clearly  embruco 
the  equivalents  of  those  noted  in  the  Daly 
West,  and  other  beds  that  were  not  observed  in 
that  mine.  'Die  existence  of  many  strong 
strike  faults  rendors  any  close  measurement  of 
thickness  impossible.  In  general  it  appears 
here  and  elsewhere  through  this  property  that 
the  principal  ore-bearing  member  is  somewhat 
higher  than  to  the  southeast  in  Daly  West 
ground,  being  approximately  100  feet  nbove 
the  Weber  quartzite,  as  shown  in  the  structure 
section  through  the  Silver  King  shaft  and  ore- 
bearing  member.  The  ore-bearing  series  here 
comprises  a  bed  of  fine  even-grained  gray  sili¬ 
ceous  limestone  overlying  a  fine-grained  gray¬ 
ish  brown  quartzite.  The  ore  appears  to  have 
formed  in  the  base  of  the  limestone  over 
the  quartzite.  .Above,  on  the  800-foot  level, 
where  the  oro  bed  and  walls  show  more  clearly, 
a  3 -foot  bed  of  shaly  limestono  that  give^  way 
to  ore  lies  between  walls  of  fine-grained  gray 
siliceous  limestone. 

Variations  from  these  normal  conditions  were 
also  noted.  In  tho  Silver  King  mine  certain 
beds  at  horizons  above  the  main  deposit  carry 
oro  in  places.  In  the  Daly  West  mine  above 
drift  C  a  large  stope  shows  double  ore  beds, 
where  a  layer  of  brown  sandstone  or  quartzite 
known  ns  the  “parting  quartzite"  separates  a 
15-foot  hed  of  ore  from  an  underlying  6-foot 
bed  of  ore.  Again,  on  the  '01  level  west,  ore 
occurred  in  limestone  immediately  overlymg 

Weber  quartzite.  , 

In  order  to  ascertain  the  determining  factors 
in  the  selective  action  through  which  oro  forms 
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in  certain  beds  to  the  exclusion  of  others,  sam¬ 
ples  were  taken  from  the  beds  in  which  tho  ore 
is  best  and  from  the  hunting  wall  and  footwnll 
of  those  beds.  The  samples  from  the  Silver 


King  and  Daly  West  mines  arc  from  the  Park 
City  formation  and  thoso  from  the  Scottish 
Chief  are  from  the  Thaynes  formation.  Partial 
analyses  follows: 


Analysts  of  rock  from  ore-  brjh  and  trail*. 


[  v utilysl,  Gcorr«  svljpr,  lulled  Sides  Sirvey.] 
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1 .  Beil  replaced  by  run i n  bedded  ore  deposits.  Silver  Kin?  mine,  slope  oa  700- foot  level  west  (specimen  1128). 

2.  Hanging  wall  immediately  over  main  ore  bed,  Silver  King  mine,  atopo  on  700-foot  level  west,  (specimen  1128). 

3.  Second  iruo  banging- wall  bed,  Silver  Kina  mine,  elope  on  700- foot  level  west  (specimen  1130). 

1,  Foot  wall  immediately  under  main  ore  bed,  Silver  King  min®,  atopo  on  700-ioot  level  west-  (specimen  1131). 

5.  Bed  replaced  bv  main  on*  bed,  Daly  Weet  mine,  gtopo  A.  (specimen  963). 

G.  "Parting  quarUitc,”  baireu  bed  between  two  ore  beds,  Daiy  West  mine,  roll  incline  between  B  and  C 
levels  (specimen  957). 

7.  Bed  replaced  by  main  ore  bed,  Scottish  Chief  mine  (specimen  974). 

8.  Hanging  wall  oi  mail:  ore  bed,  Scottish  Chief  mine  (specimen  976). 

9.  Footwafl  of  main  ore  lied,  Scottish  Chief  mine  (specimen  973). 


Tho  figures  showing  the  composition  of 
these  beds  bring  out  certain  broad  facts  clearly. 
The  ore  beds  are  low  in  silica  and  high  in  lime, 
and  those  from  tho  Park  City  formation  are 
highly  magnesian.  The  hanging  walls,  on  the 
other  hand,  are  high  in  silica  and  relatively 
low  in  lime,  except  No.  2,  which  was  probably 
part  of  the  ore  bed  and  barren  at  the  point  of 
collection,  the  true  hanging  wall  being  No.  3. 
The  foot  walls  are  also  high  in  silica  and  low  in 
lime,  except  No.  4,  which  is  likewise  doubtless  a 
barron  portion  of  the  ore  bed  instead  of  the 
true  footwnll.  The  specimens  from  the 
Scottish  Chief  show  most  clearly  the  high  lime 
and  low  silica  content  of  the  ore  bed  nnd  high 
silica  and  low  lime  of  the  walls.  In  brief,  it 
appeal's  that  the  ore  forms  best  in  pure  or 
magnesian  limestone  nnd  that  the  walls  are 
siliceous. 

Form  and  structure , — In  general,  the  bed 
deposits  are  roughly  lonticulnr.  Some  are 
very  long  along  the  strike,  but  most  are  longest 
along  the  dip.  Tho  margins  are  ns  a  rule 
irregularly  lobed,  some ‘of  the  lobes  or  nrrns 
being  of  considerable  length.  The  periphery 
is  commonly  attenuated  until  it  disappears. 
Normally  these  deposits  occur  in  single  or 
simple  lenses,  but  some  of  them  become  com¬ 
pounded  through  the  duplication  of  the  original 
by  others  above  and  below. 


The  dimensions  of  the  lenses  differ  greatly. 
The  thickness  ranges  from  a  few  inches  to  6 
or  even  10  feet.  The  maximum  dimension  is 
usually  the  length  along  the  strike,  w7hieh  in 
some  lenses  is  approximately  500  feet  and  in 
one  or  two  is  indicated  by  mine  maps  as  600  to 
S00  feet.  The  width  in  the  direction  of  dip 
averages  possihlv  50  feet,  reaching  100  feet  in 
several  lenses,  150  feet  in  the  great  slope  at 
the  west  end  of  the  Daly  West  property  on  the 
900-t’oot  level,  and  about  200  feet  through  a 
length  of  600  feet  in  the  great  stope  in  the 
Silver  King  mine. 

As  the  lenses  of  ore  coincide  with  or  occupy 
parts  of  beds  of  limestone  the  dip  and  strike  of 
these  bedded  deposits  agree  roughly  with  those 
of  the  inclosing  limestone  members.  In  some 
places  entire  members  or  beds  of  the  limestone 
give  way  to  ore.  Many  such  beds  of  ore  end 
evenly  above  and  below7  on  bedding  planes  of 
the  overlying  and  underlying  beds  of  limestone. 
Probably  more  of  them,  however,  extend  irregu¬ 
larly  upward  across  the  bedding,  some  ending 
in  tongues  or  bulging  surfaces  and  others  ex¬ 
panding  at  a  higher  horizon  to  form  a  second' 
ore  bed. 

Each  bed  of  ore  is  made  up  of  layers  or  laminae 
that  correspond  to  the  laminae  of  limestone 
which  make  up  the  member  or  bed  of  limestone. 
These  layers  range  from  a  small  fraction  of  an 
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inch  up  to  1  or  '2  inches  in  thickness,  according  ' 
to  the  thickness  of  tho  bands  forming  the 
origin'll  limestone  bed.  Finally,  these  laminae 
are  seen,  some  by  tho  nuked  eye  and  others  by 
the  microscope,  to  bo  themselves  built  up  of 
minute  layers  of  ore,  which  under  the  micro¬ 
scope  are  seen  to  be  composed  of  interlocking 
era  ins  of  the  several  ore  and  ganguc  minerals, 
on  a  pattern  similar  to  tlmt  of  the  original 
limestone.  In  the  great  stope  A  of  tho  Daly 
West  mine  the  upper  face  showed,  between 
evenly  preserved  bedding  plaucs,  a  6-foot  bed 
of  banded  ore  that  was  made  up  as  follows: 

diction  of  ore  M  in  stojic  .1,  TTcsI  mine. 

Inches. 


Oo4ro  galena,  with  sphalerite . . . 8-10 

Fwe-groined  siliceous  limestone .  6 

Pyrito,  galena,  and  gray  copper  in  siliceous  limestone.  8 

Cause  galena  with  while  quartz  .  6 

Jlassivo  fine-grained  galena  and  gray  copper .  18 

Slightly  oxidized  ore  with  quartz  hands .  12  j 

Poolwall  sandstone. 


Similarly,  on  tho  900-foot  level  at  the  west 
end  the  upper  face  shows  u  4-foot  bed  of  bunded 
argentiferous  lead  ore  between  a  culcareous 
sandstone  or  siliceous  limestone  hanging  wall 
and  a  sandstone  footwall.  Tho  banding  is 
brought  out  by  partings  of  siliceous  gungue. 
In  the  Silver  King  mine  tho  walls  of  the  stope 
adjacent  to  the  incline  at  the  north  end  loading 
from  the  750-foot  to  the  800-foot  level  show  a 


313 

limestone  beds  into  certain  of  which  ore  ex¬ 
tends  outward  mid  upward. 

In  a  precisely  similar  manner,  on  a  larger 
scale,  tho  mineral-stained  though  lean  frac¬ 
tures  in  tho  900-foot  level  followed  by  the  back 
or  work  drift  connecting  the  ore  chutes  on  thy 
south  side  ascend  to  the  great  bed  deposits  of 
tho  900-foot  level.  Similarly,  also,  east-west, 
h.  70  W.  and  X.  80°  E.  fissures  on  the  900- 
foot  level  have  been  worked  upward  for  300 
feet  into  extensive  bedded  deposits.  In  the 
Sdver  King  mine  fractures  very  clearly  served 
as  conduits  for  tho  solutions  which  supplied  the 
gren  t  flat  bed  deposi  t  udj  incut  t  o  the  G  ill  is  ru  ise. 

The  same  fractures  that  served  for  tho  pns- 
sago  upward  of  ore-hearing  solutions  also 
served  (if  they  extended  to  tho  surface)  ns  con¬ 
duits  for  the  downward  movement  of  surfaco 
waters,  thus  facilitating  tho  superficial  altera¬ 
tion  and  enrichment  of  tho  bedded  ore  bodies. 

Relation  to  iv.huxwc  rocks. — That-  intrusions 
played  a  controlling  pnvt  in  tho  formation  of 
the  ore  deposits  is  evident,  hut  tho  physical 
relations  between  intrusive  rocks  and  boil  de¬ 
posits  are  not  so  appareut  in  this  district  as 
elsewhere.  Intrusive  locks,  although  abun¬ 
dant,  are  not  common  in  dose  proximity  to  the 
great  bed  deposits.  Tho  principal  occurrences 
may  be  briefly  examined. 

A  great  stock  of  diorite  extends  into  the 


4-foot  bed  of  well-banded  rich,  partly  oxidized  district  from  the  southwest  to  tho  gap  above 
lead-silver  ore  between  members  of  the  Park  the  Daly-Judge  and  disappears  beneath  tho 
City  formation.  Inspection  shows  that  the  glacial  blanket  e.overing  the  bottom  of  Bonanza 
bands  of  oro  ure  structurally  continuous  with  Flat,  and  an  extensive  series  of  diorite  porphy- 
tbe  bands  of  limestone  of  tho  inclosing  beds.  rics  rising  from  beneath  the  glacial  blanket  con- 
la  brief,  the  bed  deposits  occur  in  bodies  of  tinues  northeastward  across  the  area,  giving  way 
roughly  lenticular  form  huving  a  banded  at  the  extreme  northeast  to  great  flows  of  nn- 
»1ruclure  which  is  conformable  with  the  bed-  desite.  Abutting  against  these  intrusivo  rocks 
'hug  of  the  inclosing  limestone  even  down  to  and  traversed  by  minor  offshoots  from  them 
tho  minute  laminations.  *  are  the  metamorphosed  limestone  formations 

RdeHan  to  fissurcj.  -Thc.  relation  between  in  which  the  bed  deposits  occur.  Intheinime- 
bed  deposits  und  fissures  is  intimate  and  com-  diate  vicinity  of  these  deposits  several  int  rusive 
plfx.  Fissures  act  both  us  conduits  and  as  masses  outcrop.  About  the  hand  of  Empire 
faults.  Some  of  the  most  important  bed  do-  Cunyon,  forming  tho  upper  part-  of  the  Quincy’ 
Posits  have  strong,  somewhat  mineralized  fis-  and' Little  Bell  spur,  is  an  exlensivo  mass  of 
sures  rising  through  their  foot  walls  or  descend-  diorito  porphyry.  Dikes  of  the  same  rock 
jug  rootlike  from  them.  Many  such  mineral-  appear  about  1-25  fectsouth  of  the  Quincy  shaft, 
bed  fissures  puss  upward  through  siliceous  about  the  same  distance  west  of  the  Daly'  W  cst 
rock  to  bed  deposits  in  limestone  members,  shaft,  aud  fart  her  west,  extending  from  the  pond 
heir  Part-  as  “feeders”  is  most  admirably  southward  nearly  to  the  Daly-Judge  shaft, 
“lustra ted.  on  a  small  scale  in  the  Daly  West ,  Diorite  extends  through  the  gup  above  the 
n'ne,  where  an  east-west  fissure  dipping  75°  S.  '  Daly-Judge  nnd  along  the  west  side  of  the 
*h  ctr<-ying  granular  carbonate  ore  crosses  I  canyon.  At  the  collar  of  the  old  .lussachu- 
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setts  shaft  a  small  body  of  diorite  porphyry 
crops  out. 

Within  the  Silver  King  area,  singularly 
enough,  not  un  outcrop  of  igneous  rock  was 
observed,  although  the  dump  at  the  mouth  of 
a  long  tunnel  up  Woodside  Gulch  above  the 
Sil  ver  King  office  shows  much  course  diorite 
porphyry'.  Underground  also,  the  immediate 
vicinity  of  the  great  bed  deposits  of  the  Silver 
King  mine  is  singularly  free  from  igneous  rocks. 
A  small  body  of  peridotite  on  the  3t)0-foot  level 
northeast  of  the  shaft,  a  small  sill  of  the  basic 
porphyry  on  the  750-foot  level,  and  a  block  of 
diorite  porphyry  on  the  800-foot  level  nra  all 
tho  intrusive  rocks  known  in  the  heart  of  the 
productive  portion  of  tho  Silver  King  ground. 
In  outlying  portions,  however,  extensive  dikes 
of  course  diorite  porphyry  appear. 

In  .trie  adjacent  Keurus-Keith  ground  bed 
deposits  are  in  immediate  contact  with  exten¬ 
sive  dikes  of  diorite  porphyry- 

In  the  Daly-Judge  mine  porphyry  traverses 
ground  in  the  vicinity  of  bed  deposits.  The 
most  notable  oxnmplo  is  tho  well-defined  dike 
of  diorito  porphyry  exposed  oil  the  1,200-foot 
lovel  for  approximately  500  feel. 

In  tho  Duly  West  and  Quincy  mines  bodies 
of  coarse  diorite  porphyry,  cut  ntseveral  levels, 
appear  to  belong  to  a  dike  10  to  40  feet  wido, 
which  trends  east  and  apparently  stands  nearly 
vortical.  West  of  tho  Quincy  shaft  bed  ore  in 
limestone  abuts  against  the  dike  at  several 
points,  and  on  the  west,  in  Daly  West  ground, 
extensive  bodies  of  rich  ore  occur  either  in 
contact  with  or  adjacent  to  it.  Perhaps  the 
clearest  instance  of  oro  in  limestoue  beds  adja¬ 
cent  to  porphyry  was  found  at  a  point  where 
tho  Daly  West  dike,  expanding  to  a  width  of 
at  least  50  feet,  cuts  limestone  in  which  a  largo 
body  of  rich  ore  formed  immediately  over  the 
porphyry.  Tho  ore,  composed  of  massive 
galena,  gray  copper,  and  the  alteration  prod¬ 
ucts  nnglesitc,  ccrusite,  malachite,  and  azurite, 
occurred  in  bands  continuous  with  the  banding 
of  tho  inclosing  limestone.  The  limestone  is 
somewhat  altered  and  oxidized,  the  porphyry 
is  likewise  pyritized  and  oxidized,  and  both 
rocks  nt  the  contact  show  crushing,  brecciation, 
silicilication,  and  oxidation.  The  occurrence 
npponrs  to  be  a  normal  intrusive  contact  be¬ 
tween  a  diorito  porphyry  dike  and  limestone  of 
the  Park  City  formation,  sulphide  ore  heing 
found  in  the  Limestone  along  bedding  adjacent, 


to  tho  porphyry  and  the  wholo  muss  being 
subsequently  somewhat  crushed  and  altered. 

Tho  facts  show  a  close  relation  between 
bedded  deposits  and  intrusive  rocks. 

Effect  of '/milting. — Tho  effect  of  faults  on  bed 
deposits  depends  primarily  on  their  relative 
position  and  age.  Obviously  a  fault  that  does 
not  intersect  an  ore  body  can  not  directly  affect 
it,  and  a  fracture  that  crosses  an  ore  body  but 
is  of  earlier  date  can  have  no  effect  as  a  fault, 
although  the  fissure  formed  by  it  may  have 
served,  as  explained  in  a  previous  section,  as 
a  conduit  for  ore-bearing  solutions.  Faults 
intersect  bed  ore  bodies  anil  those  of  later  date 
displace  them. 

In  tho  Park  City  district  faulting  occurred 
previous  to  intrusion,  and  subsequent  to  in¬ 
trusion  and  mineralization  it  was  repented 
along  the  same  lines  and  ulso  occurred  along 
transverse  courses.  No  extensive  displacement 
of  ore  beds  has  occurred,  indicating  that  the 
greater  part  of  the  movement  on  the  faults 
took  place  before  the  deposition  of  the  bed  ores. 

At  the  Daly  West  fracture  zone  the  main  ore- 
bearing  bed  was  apparently  truncated  and  dis¬ 
placed  along  the  "roll’’  fault.  The  bed  ore 
is  dearly  bent  or  dragged  up  on  the  north,  and 
fragments  of  ore  that  show  crushing,  rounding, 
and  shekensiding  lie  in  the  fissure.  Clearly, 
faulting  took  place  after  oro  deposition  and  dis¬ 
placed  the  bed.  The  fault  strikes  cast  and, 
where  tliis  displacement  was  noted,  it  dips 
54°-70°  S.  It  is  offset  to  the  north  at  least  40 
feet  and  probably  nearer  50  feet.  In  the 
stopes  on  this  bed  above  to  tho  south  numerous 
small  postminerul  faults  may  be  seen.  The 
footwull  shows  many  small  displacements 
ranging  from  a  few  inches  up  to  several  feet, 
with  corresponding  offsets  in  the  hanging  wall. 
On  the  upper  levels  considerable  faults  of  post- 
mineral  date  have  been  revealed.  In  the  sume 
|  manner  tho  ore  bed  in  tho  Quincy  ground  is 
displaced  for  a  few  feet  at  several  points. 

In  the  Silver  King  mine  the  locus  of  the  great 
bed  deposits  is  similarly  faulted  on  east-west 
zones.  None  of  the  faults  hove  is  more  impor¬ 
tant  than  the  "gush”  fracture,  whoso  relation 
to  tho  bed  ore  is  shown  by  tho  development. 
The  "gash"  strikes  N.  60°-70°  E.  and  dips  60° 
NW.  across  the  bedded  oro  body  in  limestone, 
which  dips  at  an  average  21°  N.  55°  W.  The 
bed  ore  and  tho  overlying  and  underlying  beds 
of  limestone  end  against  the  "gash”  faulb 


WASATCH  RANGE. 


whose  hanging  Wall  here  is  calcareous  sandstone 
and  gray  carbonaceous  limestone,  ulthough 
at  lower  levels  both  its  walls  are  quartzite. 
The  bedded  ore  is  clearly  faulted.  On  the  900- 
foot  level  the  drag  in  both  footwnll  and  hang¬ 
ing  wall  indicates  a  relative  displacement 
downwind  on  the  hanging-wall  sido.  Below, 
just  abovo  the  1,000-foot  level,  a  drag  on  some 
ore  in  the  footwall  suggested  movement  in  the 
opposite  direction.  On  the  whole  the  proba¬ 
bilities  incline  toward  a  drop  on  the  honging- 
wnll  sido. 

The  north-south  and  related  northwest- 
southeast  faults  urc  of  still  later  duto  and 
should  displace  bed  ore  along  intersections. 
Several  such  displacements  aloiig  north-south 
halts  occur  in  the  Silver  King  and  Daly  West 
and  in  lessor  raiues,  but  the  offsets  appear  too 
small  to  interfere  with  minin". 

O 

SUPERFICIAL  ALTERATION  OF  ORES. 

Alteration  of  tho  primary  ores  by  surface 
waters  in  tho  Park  City  district  reaches  to  a 
maximum  depth  of  1,700  feet,  and  to  an  aver- 
*ge  depth  of  600  to  700  feet,  Tho  principal 
feature  of  interest  is  the  complote  oxidation  of 
gnlena-tetrahodrite  ores  to  hydrous  an  timoiui  te 
oflend  (bindbeimite)  ut  n  depth  of  1,200  feet. 

OROUND-WATSR  LEVEL. 
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unfa  no  lode,  being  opened  from  the  surface  to 
„  depJh  of  2’000  affords  an  excellent,  scale 

porl'if»n  Z!:rmMym'1Ch  01  ,,w  "l’Pfr 
ortion  of  the  mine  is  inaccessible.  Some  of 

o;,,7TmSS  °f  t,ie  lode  sho'vod  K'ffona,  and 
2  ^7°  100-f°Ot  ,e-1  considerable 

parte  of  “'  -f  WCre  °bsCrv°d-  Tho  outer 
puts  of  spur  veins  on  the  1,000-foot  level 

were  composed  of  carbonate  ore,  and  some  car¬ 
bonate  ore  was  seen  on  the  1,700-foot  level 
la  general,  however,  the  oxidized  ores  were 
•idlest  between  the  600  and  750  foot  levels  and 
ie  eaibonato  ore  below  was  leaner  and  less 
abundant.  On  the  1,500-foot  level  the  ore  was 
essentially  sulphide. 

The  rich  bedded  ore  in  the  Silver  King  and 
great  blocks  of  slightly  altered  galena  ore  from 
the  gnsh  at  a  depth  of  about  1,100  feet 
n  lord  complete  epitomes  of  tho  succession  of 
changes.  The  primary  lead  ore  (lend  sulphide, 
galena)  alters  to  anglosile  and  this  to  corn  si  to.' 
Further  alteration  results  in  a  brownish-yellow, 
waxy  amorphous  mineral,  which  eventually 
passes  into  a  dusty  bright-yellow  mixture  of 
loud  oxide,  probably  massicot,  and  several  com¬ 
plex  inseparable  alteration  products.  Chief 
among  theso  is  a  compound  of  lead  and  nnti- 


Ground  water  was  encountered  near  the  sur¬ 
face  iu  the  early  days,  but  through  mining 
operations  it  has  been  lowered  to  about  1,500 
feet  in  the  deepest  workings. 


extent  and  chakacteu  op  alteration. 

Tho  bed  ores,  best  exemplified  in  the  Siiv< 
Jmg  and  Daly  West  mines,  are  normally  ox 
owed  to  depths  of  500  to  800  feet.  Thus  th 
uncy  bed  oro  was  thoroughly  oxidized  to  jus 
ove  the  300-foot  level,  where  sulphides  be 
e  n,  partly  oxidized  to  the  400-foot  level,  am 
Iu  *Z0d  soine  degree  to  a  depth  of  570  feet 
coro<i  r  1  ^.est’  8 topes  at  630  feet  shown 
oxy  °  SUJd'*de  bielosed  in  carbonate  uni 
In  f,u°c:C|  ;t''Cr  b°d3  were  entirely  sulphide 

and  Ron  r  °F  ^mg  mine  tlie  bed  oro  «t  the  75( 
though  •  H  t  eV(ds.  Was  essentially  carbonate 
1  OttL  S??°  ^Pbide  was  admixed.  On  tin 
boZ  °tleVe1’  the  “gash”  and  bed  ore 

solphifl'p  together,  tho  bed  ore  was  entirely 
»  fissmv.'  I  VUe  1 ,200-foot  level  west,  along 
>  1  >*  cl  of  ore  was  completely  oxidized. 


monv,  probably  bindbeimite,  which  is  nppar- 
ently  domed  from  both  gulena  and  gruv  cop¬ 
per.  Copper  first  Incomes  significant  with  the 
appearance  of  tetrahedrito,  though  somo  of  it 
is  contained  in  the  pyrite.  Critical  search 
failed  to  reveal  evidence  of  secondary  origin 
for  this  rich  copper  mineral  and  thus  tended  to 
show  that  the  tetrnhedrite  is  primury  and  con¬ 
temporaneous  with  the  Lntergrown  galeua. 
Partly  altered  specimens  of  this  ore  from  the 
Silver  King  and  Dalv  West  mines  show  pits  and 
cavities  crusted  with  the  alteration  products  of 
these  sulpliides.  Coating  cores  of  tho  sulphide 
are  the  blue  und  green  carbonates,  azurite  and 
malachite. 

Silver  was  not  found  in  sulphide  form  nor 
was  it  recognized  in  oxidized  products.  It  is 
known  to  occur  iu  the  galena  and  in  pyrite  and 
sphalerite.  Gold  was  not  observed,  though 
proved  present  by  assays.  The  ore  was  richest 
where  manganese  was  abundant,  and  appar¬ 
ently  the  gold  run  highest  where  the  oro  wus 
most  altered  and  decomposed. 
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OEXESIS  OF  THE  ORES. 


The  rich  lode  arid  bed  ore  bodies  that  have 
been  successfully  exploited  arc  characteristic 
of  their  respective  types.  Broadly,  they  lie  in 
sedimentary  rocks  ■within  a  few  hundred  feet  of 
dioritic  intrusives  and  give  out  within  ft  com¬ 
paratively  short  distance  from  them  on  either 
side.  At  greater  distances  nil  the  geologic  con¬ 
ditions  continue  tho  same,  except  that  intru¬ 
sive  rocks  nro  absent.  The  limit  of  influence 
of  the  intrusive  rocks  is  the  limit  of  workable 
ore;  clearly  it  is  a  justifiable  general  coni fusion 
that  tho  intrusives  wore  requisite  for  tho  forma¬ 


tion  of  the  ores. 

This  conclusion  is  fully  supported  hy  closer 
study  of  details.  Along  the  zone  of  intrusives 
tho  sediments  have  suffered  contact  metamor- 
phism,  hy  which  certain  minerals — garnet, 
epidotc,  vesuvi unite,  augitc,  and  mica,  iu  a 
gangue  of  cidcite — were  formed  that  ure  uni¬ 
versally  recognized  ns  duo  to  tho  influence  of 
intrusives.  Along  the  contact,  and  intergrown 
with  the  contact  minerals  in  a  manner  which 
clearly  proves  that  they  were  formed  at  the 
samo  time,  are  tho  ore  miucruls  pyrite,  chal- 
copyrite,  galena,  specularite,  sphalerite,  and 
magnetite,  demonstrating  that  the  bonanza 
hod  ores  in  limestone  were  formed  by  the 
intrusives. 

The  formations  adjoining  tho  intrusive  rocks 
are  much  crushed,  fractured,  and  fissured.  In 
certain  of  these  fissure  systems,  between  walls 
of  each  typo  of  rock — quartzite,  porphyry,  and 
limestone — valuable  ores  were  fomied  of  uhout 
the  same  metallic  minerals  that  compose  the 
bed  ores — pyrite,  chulcopyritc,  galena,  and 
totrahedrite,  with  a  gangue  of  quartz,  calcite, 
and  sphulerite.  Their  likeness  in  inincralogic 
composition  to  the  bed  deposits  and  their 
close  association  with  intrusives,  whose  direct 
connection  with  bed  deposits  has  been  ob¬ 
served,  strongly  suggest  that  intrusives  wore 
also  the  causal  factors  iu  their  formation, 
Tho  excess  of  quartz  and  pyrite  in  the  gangue 
and  tho  silicificution  and  soricitizntion  of  the 
walls  point  to  the  action  of  hot,  probably 
alkaline  aqueous  solutions,  such  as  would  be 
expected  to  arise  from  an  igneous  magma. 
Finally,  the  presence  of  the  additional  gangue 
minerals  rhodonite  and  lluorito  indicates  de¬ 
position  from  hot  solutions  or  vapors  ex¬ 
pelled  by  underlying  magmas. 


Two  other  facts  corroborate  the  conclusions 
above  stated.  The  extension  of  ore  in  fissures 
through  a  composite  footwall  up  to  a  bed 
deposit  without  continuing  beyond  through  the 
hanging  wall,  and  the  definite  upward  termina¬ 
tion  of  at  least  one  lode,  show'  thut  theore-trans- 
porting  ugents  moved  upward.  The  inclusion 
of  certain  isolated  portions  of  one  vein  within 
another,  as,  for  example,  the  fragments  of 
rhodochrositc  and  rhodonite  ns  a  core  in  quartz 
in  a  vein  in  Ontario  ground,  strongly  ■  suggests 
that  at  least  some  of  the  transporting  agents 
were  liquid;  and  consideration  of  chemical 
composition,  solubility,  and  temperature  lends 
to  the.  conclusion  tlmt  they  were  aqueous. 

The  process  of  deposition  w  as  one  of  replace¬ 
ment  of  limestone  beds  and,  in  many  places,  n{ 
the  walls  of  fissures  and  to  a  minor  extent  of 
fissure  fillings.  Thus  it  has  been  shown  that 
the  bed  deposits  occupy  portions  of  beds  of 
limestone,  that  the  layers  or  laminue  which 
make  up  a  bed  of  ore  correspond  in  every  way 
to  laminae  of  limestone  which  compose  the 
limestone  bed,  and  finally  that  these  laminae 
are  made  up  of  grains  of  ore  and  gangue 
minerals  arranged  in  a  pattern  resembling 
that  of  the  original  limestone.  Lode  ores 
show  similar  evidence  of  replacement  of  walls, 
and  here  and  there  comb  structure  indicates 
some  filling. 

It  is  clear  that  ore  deposition  occurred  at  two 
or  more  periods,  which  may  be  dated  with 
reference  to  other  geologic  events.  Some  of 
the  bed  ore  was  deposited  contemporaneously 
with  intrusion,  but  the  lode  deposits  and 
apparently  some  oi  the  bed  deposits  were 
probably  formed  later,  after  at  least  the  surface 
of  the  intrusives  had  cooled  to  partial  rigidity. 
It  hns  been  shown  that  tho  diorite  is  not  earlier 
than  Triussic  and  that  the  porphyry  is  at  least 
as  lute  ns  Lower  Triassic  and,  together  with  the 
ore-henring  fissures,  is  earlier  than  the  “Ver¬ 
milion  Crook”  (Eocene).  Hence  some  of  the 
ore  deposits  were  probably  formed  after  Lower 
Triassic  and  before  “Vermilion  Creek”  time. 

Thus,  between  early  Triassic  and  early  Ter¬ 
tiary  time,  dioritic  intrusives  invaded  this  area, 
metamorphosed  the  sediments,  and  induced  the 
deposition  of  rich  lead-silver  ores  in  certain 
members  of  the  calcareous  formations.  After 
these  intrusives  had  cooled  to  at  least  partial 
rigidity  the  composite  country  rock  was  broken 
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by  persistent  northeast  fractures.  From  (lie 
(leep-l.1,riri">  still  molten  remnant  of  the  magma 
;,ot,  <'iise-s  ami  aqueous  alkaline  solutions  were 
expelled,  by  way  of  the  fissures,  upward  and 
outward,  transporting  ore-making  elements  to 
70ucs  where  temperature  and  pressui-o  were, 
low  enough  to  permit  the  deposition  of  ores. 
The  hot  solutions  corroded  and  replaced  with 
ore  some  of  the  purer  beds  of  limestone  through 
which  they  passed  and  thus  formed  the  bed 
deposits.  They  formed  the  lode  deposits 
par(ly  by  filling  the  fissures  and  partly  by 
replacing  the  walls  of  fissures.  "Movement, 
along  the  northeast  fissures  breccia  ted  and 
faulted  the  ore  and  was  followed  by  northwest 
fracturing,  along  which  waters  descending 
front  the  surface  altered  the  superficial  port  ions 
of  the  primary  sulpiride  orrs  to  rich  oxide  and 
carbonate  ores— a  process  st  ill  in  progress. 
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in  Summit  County,  especially  tbe  first  mines  and 
locations  in  tbo  Uinta  mining  district., 

Ontario  Silver  Mining  Co.,  Reports,  1885- ISS7,  1895, 

ms-1901. 

Comprises  tho  superintendent's  report  on  the  con¬ 
dition  of  mine  and  mill,  and  secretary's  report  on 
receipts  and  disbursements,  including  tabular  de¬ 
tailed  financial  statements  id  operation. 

Peale,  A.  C.,  Colorado  and  Utah:  U.  8.  Geol.  Survey 
Terr,  Sixth  Ann.  Kept.,  for  1S72,  pp.  105-108,  1873. 

Describes  detailed  lent  urea  cd  geology  about  head 
of  Little  Cuttonwmid  Cunyon. 

Raymond,  R.  W.,  Statistics  of  mine*  and  mining  in 
States  and  Territories  west  of  Kooky  Muumina 
1S69-1S75. 

Gives  general  notes  141  the  early  mining  camps  of 
the  Wasatch,  including  the  first  miniug  activity  in 
Parleys  Park  and  special  descriptions  of  Park  Citv 
mines. 


Rothweli.,  R.  P..  Mineral  Industry,  1893,  1.89.3-1900. 

Gives  brief  statements  on  currcut  mining  develop, 
menla  oud  production. 

Silliman.  Benjamin.  Geological  nnd  minoraloglcal  notes 
on  some  of  the  mining  districts  of  Utah  Territory,  and 
especially  those  of  iheWahsatch  endOquirrh  range  of 
mountains  Am.  .lour.  Sci., 3d  »cr,,  vol.  3,  pp.  165-201, 
1872. 

Describes  geology,  mineralogy,  and  ore  deposition 
of  Cottonwood  region. 

Strutijeiw,  Josbph.  Mineral  Industry,  vol.  10,  p.  302, 
1901;  vol.  11,  p.  205,  1902. 

Gives  notes  on  consolidation  of  large  mining  proper¬ 
ties  in  Park  City  district  r.nd  output  und  ore  values 
for  large  mines. 

Utah  Board  ok  Trade,  Resources  and  attractions  of 
Territory  of  Utah,  1879. 

Includes  brief  sketch  of  Park  City  mining. 

Warren,  H.  L.  J..  The  Daly  West  mine,  fnrk  City. 
Utah:  Eng.  aud  Min.  .lour.,  Oct.  14,  1S89.  p.  455. 

Includes  sketch  of  important  events  in  history  of 
Park  City,  description  on  Ontario  mine,  and  account 
of  Daly  West  ore  bodies. 

- Silver  King  mine  and  mill,  Utah:  Eng.  and  Min. 

Jutir..  p.  543,  1899. 

Describes  in  sonic  detail  the.  mill,  machinery,  and 
process. 

BLUE  LEDGE  DISTRICT. 

By  V.  0.  Heikks. 

The  Blue  Ledge  district,  in  Wasatch  County, 
5  miles  west  of  Ileber  on  the  Denver  &  Rio 
Grande  Railroad,  was  organized  May  10.  1870. 
To  the  end  of  1912  approximately  167  patents 
for  mineral  ground  had  been  issued.  Lead, 
silver,  and  gold  are  the  recoverable  metals,  the 
output  of  which  bus  been  included  in  the  total 
output  of  tho  Park  City  district.  Huntley1 
gives  tho  early  lust  ory  as  follows : 

The  Blue  Lodge  district  [had]  at  the  t  ime  of  the  writer's 
visit  (October,  1880),  694  locations  on  record,  of  which 
probably  not  over  300  are  still  held.  *  *  *  Little  ore 
was  being  extracted.  *  *  *  The  McHenry  mine  was 
one  of  the  first  claims  located  in  the  district.  The  old 
McHenry  Mining  fo  was  organized  in  1873,  and  built  a 
20-stainp  mill  at  Park  City.  The  mill  ran  on  company’s 
ore  for  two  months,  but  tho  oro  was  not  free  milling.  The 
mill  was  then  loosed  to  the  Ontario  company  for  about  n 
year.  In  1876  the  entire  property  was  sold  to  the  Winna- 
muck  company,  which  expended  considerable  money  in 
prospecting.  The  tniuo  vrns  bonded  to  Chambers,  Ha- 
nailer  &  McIntosh  for  $140,000,  who,  in  1S7S-79,  spent 
820,000  in  prospecting  it.  About  December  1,  1880,  the 
Wmnamuck  company  again  took  possession. 

Although  ore  is  said  to  huve  been  opened  ou 
several  claims  in  tho  district,  only  the  Valeo 
nnd  Glencoe  have  had  important  productions. 
The  Valeo  was  discovered  about  1891. 
history  is  reviewed  by  Boutwdl,2  us  follows: 

1  PtnIooi  met  lit:  Tenth  Ccnmi  U.  S.,  vol.  Ill,  p.  ti3# 

7  Geology  un<t  ore*  deposits  ol  Iho  Turk  City  district,  Ctati:  L\  S.  0c 
Survey  Tro/.  Paper  77,  pp.  lw-197,  1912. 
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The  Valeo  mine  is  situated  on  the  southeastern  slonn  , 

Bald  Mountain  near  the  head  of  Cottonwood  f'anvon  !  ,  ,  0  w‘ltcr  “wd  for  mil|», 

about  4  miles  southeast  of  the  Ontario  mine  an<|  3  mil"'  ‘  ’  * 

<oufh  of  the  Ifawkeye-McUenry.  Tim  i<?  ^ 


aooui  “  ^  v/n cano  Dune  and  3  mil  * 

joutii  of  the  Hawkeye-McHenry.  This  is  the  prin.ii^I 
property  on  the  eastern  slope.  *  *  *  In  13M  esoelfent 
ore  was  found  on  this  property,  and  in  August  of  that  year 
«■»  of  (he  ore  win  shipped  and  surface  improvement- 
were  made.  *  /  '  The  year  closed  with  new  oro 
(lovelopments  oi  much  value,  *  *  *  jn  ^  fjjJj  . 

IS38  the  property,  comprising  some  J6  claims,  was  taken 
b>’  Prominent,  mine  owners  to  be  opened  systems  ti<- 
ally  and  operated  on  a  large  scale.  After  working  ou‘  the 
main  ore  body  they  did  some  development-  work  but  the 
rcsjlUi  were  deemed  insufficient  to  warrant  much  outlay 
at  fha.1  time.  Since  then  only  desultory  work  has  been 
,vri«d  on.  and  at  the  time  of  visit.  la[e  in  ]fl0.;  . 

property  was  inactive.  ’ 

The  metallic  contents  of  the  ore  reported  durin-  the 
P«ed  af  active  mining  were  high.  Thus,  from  a  new 
veincst  in  2»  per  cent  of  copper,  iO  to  14  ounces  of 
-Hycr,  and  §6  to  sS  in  gold  to  the  ton  were  obtained  and 
a  little  later  practically  these  same  figures  were  given  os 
!be  average  tenor  of  the  ore. 

The  production  of  copper  ore  from  the  Valeo 
continued  intermittently  till  1909. 

Boulweli'  has  also  described  the  Glencoe 
property,  m  part,  us  follows: 

The  Glsnroe  mine  is  situated  on  the  east  slope  of  Bald 
Mountain,  ,u  Glencoe  Canyon,  about  mid  wav  inL  |engi  h 

h0  Ce,lfcf  of  the  **•  iutrusivo  of  dioritT£>r- 
i»)T,  that  crowds  the  canyon  at  this  place  1 

uSsrs^r  iTed  io  'be  «■*  h 

^  took,  McCune.Cupit,  and  Braun.  *  ♦  -  The 

pafflcl  into  (ho  hood,  of  (he  Min™ 

(ud 

i  .k  601  °  ,he  veLu' lrom  which  ore  had  boon 
200  “  *»  ><»»■  Thi,  or. 

« iSC  1 "T""1  °<  '«*•  “J  «  to  (b„ 

iniumoi  ore  aSTto  J®  8UfC.Ceedil,»  ^ear  «v«al  hun- 
^  stored  on  the,  J  1<W  S™!o  and  refractory, 
-aingvSl 88S  th  P’m  ^  f°1IowinS  fiv*  V™, 

S5J5 r;sS?„“^0tr-,h'rerJ'bu,d“rt"» 

prominence  In  thn  ~  C11^ne  reached  ite  highest 
bv  a  new  cni  of  this  p<^  it  wU  taken 

Ore  continued  to  bE°!!iy'  1™°  a  capi,al  of  $2,500,000. 
P«led,  «nd  th8  Ue_  penty’  WDQ«  new  strikes  wero  re- 
-bator  of  loo  *  anagement  decided  to  erect  a  con- 

s,:-«»iab,nbir?“cl,y-  «*>.—  in 

Auction  wag  4  ,  C0n0eu(-™tor  in  the  camp.  The 

*® ^V[. rvwayett  25  011  ’  a,,u!  lb° COncell,rates aro reported 

k  J &  II,  ,  rr  the  umi  in  aiiver- 50  per  cent 

"^'^hocon'  mr.  "  'n  e0id-  *  *  #  Somecar- 

a^7,and  in  "8r0  hut  ,he  °rogrew 

tht^  lack  of  Bl  .runCentWter  *“«  hindered  some- 
I rarity.  rn  icqo Iht'i  w:la  the  close  ox  the  period  of 
^«^ched  nndti  rha',Uu0StOOd  idl0’iU,d  the  machinery 
iarw«  of  over  «I  i  nv^  m:lrshal  10  P:1.v  indebtedness 
»=v«d  to  ,  Ia  1895  the  machinery  was  rc- 

^Oatario  jriin’f,,  }  v:d  Inc'an'vhilc‘ the  completion 
- _ jnno1  had  largely  depleted  thisprop- 


3J9 

««d  early  part  of  th0^toc^  n?,ll|i,>s:  ln  11)0  ,atcr  nineties 

tic-ally  idle.  »  »  *  i,,  'he  mituj  8,°'J<1  Prac- 

under  bond,  and  work  w-1  '  ?"'tVer-  il  'r“  leaded 

«H„  ,0  .bo  oZ»XZr\lbe 

interrupted  by  the  death  ni  /),  These  operations  Were 

«**>  m«t  fcwyvI^X ■  ,,rTipaI  Part>  -  n'ld  f°r 

*w>ncd  closed.  This  mo,*  ,  UDdorstood  t0  have  re- 
Adixondack- MiningCo  ** 

at  I  he  mine,  and  other  prepar  uT,  °  “ 
operation.  P  P  ona  woro  made  lor  active 

T  lie  null  elected  for  u,0  reduefion  n 
ores  operated  for  only  ft  ,ho'r  '?  of  .Glo,lcoe 
produciinr  lend  ‘  *  shoit  season  in  J999, 

and  silver.  C°ntainin-  8»W 

Aoihmg  has  been  reported  since. 

UINTA  DISTRICT. 

first^f  Sm  fi  dN°Vember  18'  im>  h^S  the 

S*SS?T“‘ oir  from- thc  M"""- 

J 87 1  1  lU ■  Ifc  teorgamzed  July  8, 

The  adjoining  Snake  Creek  and  Blue  1**1™ 

I  wStnrts  'voro  organized  in  1870,  in  April  and 
May,  respectively.  Parts  of  these  three  dis- 

c,,mnionJy  ,<nown  - 


SNAKE  CREEK1  DISTRICT. 

The  Simko  Creek  district,  formerly  nart  of 
PlnC  a,K'  H°"’land  Strict,  is  in 

Wasatch  County,  10  miles  southwest  of  Ilober 
on  the  Denver  &  Ilio  Grande  Railroad  It 
was  organized  in  1871.  The  first  locations 

TT} :i°*Wr  luwl  the  made  in  the 

fall  of  1871.  During  1SS0  3  the  active  prop¬ 
erties  were  the  Pioneer,  Utah,  and  Jones  Bo¬ 
nanza,  now  owned  by  thc  Daly^Judge  Mining 
Co.,  and  the  New  Bedford. 

ELK  HORN  DISTRICT. 

The  Elkhorn  district  is  in  Wasatch  County, 
east  of  the  BIuo  Ledge  district,  or  about  4 
miles  cast  of  the  Ontario  mine  in  the  Uinta 
district.  Elkhorn  district  was  organized  May 
21,  IS.  5,  and  has  four  patented  mining  claims 
and  many  that  are  unpatented.  Tho  first 
patented  were  the  Crawford  (lot  37)  and  the 


1  Mem,  p.  pet 


Botitwcll,  J.  M.,  np.  c:t.,  p.  11,  mu. 

•  Kiwi  Ivy,  ».  n.,  rrNtauv  nirtaJs:  ’ivmh  iwns  u.  s„  vo|  t»  r 
M3,  r«5.  *  ’ 1 
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Victory  (lot  .38).  In  the  discovery  shaft  of  the 
Nelson  and  Queen  properties  samples  of  oro  ure 
said  to  have  assayed  40  per  cent  lead,  15  ounces 
of  silver,  and  $3  in  gold  per  ton.  Develop¬ 
ment  on  this  property  has  reached  a  depth  of 
about  150  feet. 

PROVO  DISTRICT. 

By  Ci.  F.  houamiN. 

GENERA).  FEATURES. 

The  Provo  district,  in  the  front  lulls  of  the 
Wasulch  Range,  east  of  Provo  and  south  of 
Provo  River  (PI.  XXXI),  was  organized  March 
11,  1371.  Considerable  prospecting  has  been 
carried  on,  hut  only  the  Monarch  mine,  located 
in  Rock  Creek  canyon  about  1902,  has  shipped 
ore.  Shipments  of  only  S  tons  of  lcud-silver 
ore  have  been  reported  to  the  Survey  from  the 
Provo  district,  but  according  to  a  personal 
letter  from  Jonathan  Buckley,  about  50  tons 
had  been  shipped  from  the  Monarch  mine  up 
to  1913.  The  property  is  owned  by  the 
Garden  City  Mining  Co. 

Tho  Wasatch  Range  in  this  region  includes 
the  main  ridge,  known  us  Provo  Peaks,  whose 
summits  attain  elevations  of  10,500  feet  and 
more,  and  tho  front  bills  whose  summits  reac  h 
elevations  of  8,500  to  9,000  feet.  The  front 
hills  are  separated  from  the  main  ridge,  by 
slightly  to  well  developed  longitudinal  or 
strike  volleys  (PI.  XXXlI),  which  are  con¬ 
nected  by  transverse  canyons  witli  Utah 
Valley.  The  position  of  the  longitudinal 
valleys,  parallel  to  tho  Wasatch  front,  suggests 
that  they  ore  due  to  faults; 1  but  the  only 
structural  evidence  noted  was  their  coincidence 
with  tho  outcrops  of  rapidly  weathered  strata. 
The  principal  transverse  canyons,  from  north 
to  south,  are  Rock,  Dry,  and  Slate  creeks. 

The  steep  west  front  of  the  Wasatch  Range 
in  this  district  is  fringed  by  a  well-developed 
portion  of  tho  Bonnovillo  shore  terrace,  mid  is 
marked  nt  the  mouth  of  Rook  Creek  by  an 
exposure  of  the  great  Wasatch  fault,  along 
which  recent  movement  has  taken  place.  (See 
PI  XII,  p.  101.) 

GEOLOGY. 

The  sedimentary  rocks  recognized  in  the  front 
hills  ure  of  pre-Camhriun  (?),  Cumbrian,  and 
Mississippian  age.  Tho  main  ridge  consists  of 

I  Fromms,  8.  F.,  I>«* rlpltvo  Kroloicy:  If.  &  Ool.  Ksp),  will  Tar 
Final  Kept.,  vol.  2,  pp.  ;y.J  34*,  IS77. 


upper  Mississippian  and  Pennsylvanian  strata, 
but  these  lie  without  the  limits  of  the  mining 
district  proper.  No  igneous  rocks  hnvo  been 
found  ill  the  Wasatch  Range  east  of  Provo: 
tho  nearest  are  the  grnnodioritc  and  quartz 
dioritostocks  in  the  Cottonwood  and  American 
Fork  region,  20  miles  to  the  north. 

The  pre-Cambriun  (?)  rocks  are  represented 
only  by  a  small  amount  of  peculiar  conglomer¬ 
ate,  similar  to  that  in  the  Cottonwood  and 
American  Fork  region  to  tho  north.  (See  p. 
234.)  It  is  rather  well  exposed  at  the  mouth  of 
Rock  Creek  canyon  just  above  tho  creek  bed, 
and  poorly  exposed  in  the  lower  part  of  Slate 
Creek  canyon.  It  consists  of  angular  to  round¬ 
ed  and  small  to  large  pebbles  of  quartzite, 
schist,  vein  quartz,  und  calcareous  slate  or  ar¬ 
gillite  in  dark  gray  to  brown  shaly  matrix. 
The  Rock  Creek  exposure  is  bounded  on  the 
west  by  a  fault  dipping  (50°  W.,  which  separates 
it  from  mottled  shaly  limestone,  a  common 
variety  in  the  Middle  Cambrian  of  the  region. 
The  conglomerate  marks  approximately  the 
axis  of  an  anticline.  At  the  fault  it  dips  west¬ 
ward  at  a  low  nugle,  hut  eastward  the  dip  flat¬ 
tens  and  then  changes  within  a  very  short  dis¬ 
tance  to  vertical. 

The  Cambrian  strata  comprise  a  typical  suc¬ 
cession  of  quartzite,  shale,  and  limestone.  Two 
areas  ol  the  quartzite  are  exposed  along  the 
steep  front  slope — one  in  a  gently  arching  band 
that  pitches  northward  and  southward  from 
Rock  Creek,  and  one  in  an  irregular  area  that 
includes  another  arching  bund  just  south  of 
Slate  Creek  canyon  and  an  eastward-tapering 
portion  along  the  lower  walls  of  the  canyon. 
West  of  the  quartzite  is  a  light  greenish  gray 
rock  of  medium  grain  composed  of  subangulnr 
quartz  grains  enlarged  by  secondary  growth 
with  microscopic  inteistitial  aggregates  of  chlo¬ 
rite,  a  few  small  cubes  of  pyritc,  and  somo 
microscopic  zircons.  In  Slate  Creek  canyon 
some  reddish  quartzite  beds  are  present,  and 
in  the  upper  part  of  the  formation  several  beds 
of  green  and  purplo  slate  alternate  with  quartz¬ 
ite.  Small  amounts  of  tho  slate  have  been 
quarried  in  Slate  Cieek  eanyom  Tho  quartzite 
is  about  1,500  feet  thick  and  is  overlain  by 
about  300  feet  of  shale  (Opliir  formation;  see 
p.  79),  which  Ls  followed  by  limestone. 

The  relations  of  the  quartzite  and  shale  to 
the  limestone  arc  conformable.  At  first  sight 
the  vertical  beds  of  quartzite  and  shale  just 
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cast  of  tlio  anticlinal  axis  in  the  lower  canyon 
vails  appear  to  bo  soparatod  by  a  strong  uncon¬ 
formity  from  the  nearly  horizontal  limestone 
beds  that  form  the  .upper  walls,  but  examina¬ 
tion  of  the  whole  length  of  the  canyon  proves1 
that  the  limestone  beds  also  bond  downward 
to  tho  east  and  that  the  structure  is  an  S- 
shapod  fold  with  only  its  upper  half  exposed. 
In  tho  Slate  Crook  area  tho  conformable  rela¬ 
tion  is  at  once  evident.  Tho  structure  hero, 
too,  is  an  anticline,  a  small  baml'of  limestone 
with  west  dip  overlying  the  quartzite  ami 
sbaloon  the  west  limb  at  the  base  of  the  slopo. 

The  groat  limestone  series  that  overlies  the 
Opliir  formation  includes  strata  of  Cambrian 
and  Mississippiau  ago,  but  no  boundary  be¬ 
tween  the  two  has  been  determined.  No  Cam¬ 
brian  fossils  woro  found,  but  the  prevailing 
ahaly  and  mottled  character  of  the  lower  bods 
and  their  stratigraphic  succession  are  the  same 
as  in  the  Cottonwood  and  American  Fork 
region  to  tho  north,  where  Middle  Cambrian 
fossils  have  been  found.  The  lowest  fossils 
l Zaphrentis )  suggesting  Mississippiau  age  were 
found  about  1,600  feet  above  the  top  of  the 
quartzite,  but  beds  below  this  horizon  have 
the  lithologic  character  of  lower  Mississippiaa 
limestones.  About  2,000  feet  stratigraphically 
above  the  quartzite  coarse-grained  bluish-gray 
limestone  of  probable  upper  Mississippiau  ago 
is  present.  This  limestone  forms  the  wall  rock 
of  the  ore  bodies  in  the  Monarch  mine.  A 
short  distance  above  this  limestone  the  upper 
Miasissippian  consists  of  a  thick  series  of  inter¬ 
calated  limestone,  shale,  and  quartzite,  which 
caps  the  front  hills  ami  forms  the  lower  west 
slope  of  the  main  ridge.  Tho  apparent  enor¬ 
mous  thickness  of  this  intercalated  series  may 
bo  duo  in  part  to  faulting,  though  no  proof 
o:  faulting  was  found.  Tho  longitudinal,  or 
strike,  valleys  separating  tho  front  lulls  from 
the  main  ridge  owe  their  outline  principally 

the  rapid  erosion  of  soft  strata,  especially 
snaly  carbonaceous  limestones,  in  this  series. 

OUE  DEPOSITS. 

Although  much  prospecting  luis  been  done 
°»  a  small  scale  and  many  finds  of  mineral 
^ported  at  different  times,  ore  has  been  shipped 
,rom  0uly  one  property,  the  Monarch  mine; 
by  the  Garden  City  Mining  Co.  of  Provo. 

,  If.  g  n,!ol.  K\pl.  j(.(h  Par.  Filial  ltopl,,  vol.  2,  pp- 

1«?7. 


Tho  ore  of  this  mine  and  of  a  few  small  pros¬ 
pects  is  load  carbonate  and  galena  with  low 
silvor  and  high  iron  content  replacing  lime- 
stono  along  fissures.  Small  amounts  of  gold 
in  liiuonite  are  said  to  have  been  found  in 
shallow  surface  diggings  on  the  front  lull  south 
of  Slate  Crcok,  but  none  of  these  surface  de¬ 
posits  have  continued  downward  in  paying 
quantities.  Tho  Bonneville  tunnel,  about  a 
niiloloiig,  has  prospected  this  ground  at  dopth 
with  negative  results.  It  crosses  tho  anticlinal 
axis  south  of  Slate  Creek,  passing  through 
quartzite  and  shale  into  limestone  4,000  feet 
from  the  portal. 

The  Monarch  mine  is  on  tho  upper  north 
slopo  of  Rock  Crook  Canyon  near  its  mouth 
and  is  reached  from  the  canyon  bottom  by  a 
long  winding  trail.  It  is  opened  by  an  upper 
and  a  lower  tunnel,  about  130  feet  apart  in 
elevation,  with  drifts,  crosscuts,  and  inclines 
in  Mississippiun  limestone.  The  ore  was  con¬ 
veyed  to  the  canyon  bottom  by  a  long,  narrow 
chute  and  thence  hauled  by  wagon  to  the 
railroad  at  Provo.  Outcrops  of  ore  have  been 
found  on  the  stoop  canyon  wall,  and  there  is 
said  to  be  a  well-mineralized  outcrop  on  the 
summit  of  tho  hill. 

The  upper  workings  are  along  two  fissures, 
one  trending  N.  25°  E.  and  the  other  S.  70°  E. 
'The  workings  on  tho  latter  extend  400  feet 
from  an  intersect  ion  with  the  former  and  have 
furnished  most  of  tho  oro  shipped.  Ore  has 
been  found  in  bunches  ranging  from  a  few 
pounds  to  several  tons  in  weight  along  the 
intersection  of  these  fissures  with  certain  beds, 
especially  those  of  coarse  grain,  and  in  places 
of  pronounced  shattering.  Tho  lower  workings 
have  been  opened  to  prospect  these  fissures  at 
greater  dopth.  • 

A  prominent  but  undeveloped  north-south 
fissure,  stained  with  limonito  and  said  to 
contain  small  amounts  of  ore  minerals,  out¬ 
crops  west  of  the  workings.  It  cau  easily  be 
traced  from  the  south  side  of  the  canyon 
across  tho  bottom  and  up  tho  north  slope.  In 
tho  lower  part  of  the  canyon,  where  the  strata 
are  vertical,  the  fissure  coincides  in  position 
with  tbo  bedding,  but  along  tho  upper  north 
wall,  where  the  beds  have  a  low  eastward  dip, 
the  fissure  cuts  obliquely  across  them,  dipping 
about  60°  E.  Its  intersection  with  tho  coarse¬ 
grained  Mississippiun  beds  is  a  favorable  place 
for  prospecting. 
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Primary  mineralization  consists  of  a  replace¬ 
ment  of  limestone  by  a  mixture  of  white  dolo¬ 
mite,  scalenohcdrul  culeito,  galena,  and  pre¬ 
sumably  pyrite  and  zinc  blende.  Oxidation 
has  been  so  thorough,  however,  that  nearly  fill 
tho  primary  ore  minerals  have  been  removed, 
and  tho  ore  mined  is  principally  ccrusite  and 
reddish-brown  iron  oxide.  Up  to  1913  about 
50  tons  of  ore  had  been  shipped,  averaging 
about  9  ounces  of  silver  to  the  ton,  35  per 
cent  lend,  and  36  per  cent  iron.  Samples  of 
especially  high-grade  ore  have  yielded  16 
ounces  of  silver  to  the  ton,  76  per  cent  lead, 
and  a  littlo  gold.  Examination  of  the  lower 
walls  and  floors  of  the  stopes  may  prove  the 
presence  of  oxidized  zinc  ore.  This  typo  of 
mineralization,  characterized  by  a  goneral 
absence  of  quartz  and  by  a  low  silver  content, 
is  typical  of  lead-zinc  deposits  formed  at  con¬ 
siderable  distances  from  intrusive  igneous 
bodies.  Distinction  should  be  made  between 
quartz  deposited  with  tho  ore  and  chert 
nodules  and  lenses,  which  are  a  part  of  the 
limestone  and  are  no  indication  of  ore.  It 
has  formed  workable  bodies  in  the  purer  lime¬ 
stone  beds  and  at  places  where  favorable 
openings  have  been  made  by  excessive  shat¬ 
tering,  but  as  a  rule  it  has  no  noteworthy  | 
influence  on  dense  hard  or  shaly  limestone  or  ( 
on  shale  or  quartzite.  The  most  promising 
ground  for  prospecting,  therefore,  is  along 
fissures  filled  with  dolomite  spar  at  their  inter¬ 
section  with  tho  coarse-grained  beds  of  Mis- 
sissippian  limestone. 

PAYSON  DISTRICT. 

By  V.  C.  Hkikes. 

Tho  Payson  district,  in  Utijh  County,  organ¬ 
ized  in  1S71-72,  is  in  tho  western  foothills  of 
the  Wusatch  Range  and  is  12  miles  square, 
tho  town  of  Payson  being  near  its  center. 
Seventy  locations  had  been  made  up  to  Sep¬ 
tember,  1880,  at  which  time  only  five,  having 
120  to  300  feet  of  cuttings,  were  in  force.  The 
country  rock  is  limestone.  The  ore  is  low 
grade,  carrying  12  to  15  ounces  of  silver.  None 
was  shipped  previous  to  1S80,1  and  no  pro¬ 
duction  has  been  reported  to  the  United  States 
Geological  Survey. 


SPANISH  FORK  DISTRICT. 

By  V.  C.  IIeikks. 

Tho  Spanish  Fork  district  is  in  Utah  County, 
south  of  the  Provo  district.  With  the  Cook 
district,  it  was  organized  during  the  mining 
excitement  of  1871  and  1872.  All  the  claims 
had  been  abandoned  in  1SS0.1  No  metals  are 
known  to  have  been  produced  in  the  Spanish 
Fork  district. 

SANTAQUIN  AND  MOUNT  NEBO  REGION. 

By  G.  F.  Louohlin. 

GEOGRAPHY. 

The  Santaquin  district  in  Utah  County  and 
the  Mount  Nebo  district  in  Juab  County  are 
contiguous  and  form  a  unit  so  far  as  geologic 
and  economic  conditions  are  concerned.  (Seo 
fig.  40.)  Tho  mines  and  prospects  lie  in  the 
southern  part  of  the  Wasatch  Range,  between 
latitudes  40°  and  39°  15'  and  along  longitude 
1110  45'.  This  part  of  the  range  includes  a 
northern  portion,  locally  called  Santaquin 
Mountain,  which  has  a  maximum  elevation  of 
10,000  feet  and  a  length  of  8  miles,  and  a 
southern  portion,  which  culminates  in  Mount 
Nebo  at  an  elevation  of  11,871  feet  and  has 
a  length  of  15  miles.  Mount  Nebo  is  the  sec¬ 
ond  highest  and  the  southernmost  summit  of 
the  Wasatch  Range.  Occasionally  it  has  been 
referred  to  as  the  highest  peak  of  the  range, 
but  according  to  the  Salt  Lake  topographic 
sheet  of  the  United  States  Geological  Survey 
Timpnnogos  Peak,  between  American  Fork  and 
Provo  canyons,  is  higher,  having  an  elevation 
of  11,957  feet.  The  Santaquin  and  Mount 
Nebo  ridges  are  separated  by  Santaquin  Can¬ 
yon,  which  in  its  upper  course  cuts  the  range 
in  an  east-west  direction  but  which  in  its  middle 
aud  lower  courses  swings  northwestward  and 
northward,  emerging  at  Santaquin  in  a  nearly 
due  north  course.  The  south  end  of  the  Mount 
Nebo  ridge  is  marked  by  Salt  Creek,  which 
separates  the  Wasatch  from  the  San  Pitch 
Mountains.  Salt  Creek  crosses  the  line  of  the 
mountain  axis  in  a  due  westward  course  and 
emerges  in  Junb  Valley  nt  Nephi,  where  it 
turns  northward  in  a  meandering  course  for 
12  miles,  cuts  through  the  low  northeast  end 
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Of  Long  Ridge  in  a  bold  canyon,  emerging  southward  from  Salt  Lake  City  to  Ncphi  and 
again  south  of  Goshen,  and  continues  through  towns  still  farther  south.  Santaquin  is  also 
Goshen  Valley,  finally  entering  L'tah  Lake,  reached  by  the  Denver  &  Rio  Grande  Rail- 


Contour  interval  500  feet 
Datum  is  mean  sea  level 

W — Geologic  .ketch  map  of  Sanlaquin  and  Mount  Nefco  region.  ,R.  Pro-Carabrien  grenilo;^,  Combrlan  qnr!dle;  Cm.  Misisslrr.'an 
^  ^rti«rlim<wtoncs;  T,  Tertiary  conglomerate  and  volcanic  rocks  L,  Lamprophyre  dikes.  Mines:  1,  Union  Chief;  2,  SauUiquLn  Chief  and 
‘fcntaquin  King;  3,  Big  Nofco;  4,  Eva  no d  Kebo  Highland;  5,  Spider;  6,  Frtddlo  Lodo  (Eureka  Leasing  Co,). 

Santaquin,  Starr,  and  Mona,  all  farming  towns,  road.  Nephi,  the  county  seat  of  Juab  County, 
•J® tlle  nearest  to  the  different  mines  and  arc  lies  at  the  south  base  of  Mount  Nebo,  S  miles 
^  bached  by  the  “Salt  Lake  Route,”  or  by  south  of  Mona,  18  miles  south  of  Santaquin, 
™  mab  wagon  road  which  follows  the  valley  and  70  miles  due  south  of  Salt  Lake  City. 
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GEOLOGY. 

SEDIMENTARY  ROCKS. 

PRE-CAM  WHAN  ROCKS. 

The  oldest  formation  in  tho  region  is  a  com¬ 
plex  of  pre-Cambrian  granite-gneiss  with  schist 
inclusions  (schistosity  dipping  enst-nortlionst), 
that  is  exposed  for  2  miles  or  more  along  tho 
lower  run  go  front  cast  of  Sautuquiu.  Its 
prevailing  color  is  pink  to  reddish,  varying 
according  to  its  content  of  red  nlkalic  feldspar. 
Its  texture  varies  from  coarse  to  rather  fine 
gruined  and  from  strongly  gneissic,  with  or 
without  augen,  to  granitoid,  with  no  mega¬ 
scopic  indication  of  foliation.  Its  mineral 
composition  varies  from  that  of  granodiorite 
to  that  of  alkaline  granite  or  olnskite.  The 
minerals  in  order  of  abundance  are  plagioclnse 
(sodic  andesitic)  and  quartz,  which  together 
make  up  75  to  SO  per  cent  of  the  rock,  micro- 
clino  about  15  per  cent,  chlorito  (representing 
completely  altered  biotite)  5  to  10  per  cent, 
and  magnetite  and  apatite  less  than  1  percent. 
All  the  principal  minerals  are  in  irregular 
grains  and  exhibit  more  or  less  strain  effects 
but  show  no  apparent  crushing,  or  “fluser” 
structure  indicative  of  shearing.  The  plagio- 
clase  is  considerably  serioitized.  Pegmatite 
and  nplite  form  sills  along  foliation  planes  and 
dikes  across  the  foliation.  Dikes  and  sills 
branch  from  each  other,  proving  that  they 
were  intruded  after  the  main  body  of  gneiss 
had  become  sufficiently  rigid  to  bo  fractured. 
The  schist  inclusions  comprise  micaceous, 
hornblcndic,and  feldspathic  (plagioelase)  types, 
nil  of  which  vary  with  the  grain  and  amount 
of  the  injected  granitic  material.  They  lie, 
us  a  rule,  parallel  to  the  foliation  of  the  intru¬ 
sive  gneiss  but  arc  cut  both  along  and  across 
their  foliation  planes  by  aplitic  and  pogma- 
lilic  material. 

CAMBRIAN  HOCKS. 

Tho  Cumbrian  rocks  include  a  basal  quartzite 
800  to  1,OU0  feet  thick,  according  to  aneroid 
measurements,  and  perhaps  1,500  feet  or 
more  of  shale.,  limestone,  and  dolomite..  The 
principal  exposure  of  tho  quartzite  is  u  band 
that  extends  along  the  front  of  tho  Santnquin 
Itidgo  for  6  miles  and  rests  unconformablY 
noon  tho  pre-Cumbrian  granite.  Another 
prominent  exposure  extends  along  the  base  of 
the  Mount  Nebo  Ridge  for  2  miles  northward 


from  North  Canyon,  which  lies  due  east  of 
Starr.  Two  small  exposures  of  tho  topmost 
quartzite  beds  was  noted,  one  at  the  base,  of 
the  main  ridge  in  Wash  Canyon,  southeast  of 
York,  und  the  other  on  l-hc  west  slope  of  the 
low  hills  northwest  of  York. 

The  quartzite  varies  from  nearly  whito  to 
different  shades  of  pink,  red,  and  brown,  mid 
from  moderately  coarse  conglomerate  to  typical 
shale.  The  basal  beds,  resting  directly  on  the 
gneiss  complex,  contain  pebbles  of  quartz  and 
coarse  red  feldspar  identical  iu  character  with 
the  pegmalitic  material  in  the  underlying 
formation.  Above  the  basal  beds  both  con¬ 
glomerate  and  arenaceous  beds  arc  composed 
almost  wholly  of  quartz,  but  the  shnlv  beds  as 
a  rule  are  distinctly  micaceous.  Mud  cracks, 
worm  borings,  and  ripple  marks  are  present 
in  the  shale.  The  pebbles  nre  practically  all 
of  vein  or  pcgmatitic  quartz  and  a  few  contain 
seams  with  minute  dark  metallic  grains.  There 
is  no  regularity  whatever  to  tho  alternations 
of  conglomerate,  quartzite,  and  shale  beds. 
One  horizon,  near  tho  middle  of  the  quartzite, 
is  characterized  by  dark,  brown-weathering, 
ferruginous  beds. 

The  quartzite  passes  upward  into  a  band 
of  greenish  shale  (see  Ophir  formation,  p. 
79),  in  which  are  several  beds  or  lenses  of 
dark-blue  limestone,  for  the  most  part  dense 
and  shaly.  Trilobites  and  small  brochiopods 
resembling  Cambrian  forms  of  Obulus,  said  to 
have  been  found  in  tho  shale,  were  shown  to 
the  writer,  but  a  hasty  search  for  others  was 
uasuccessful. 

Above  tho  shaly  Ophir  formation  is  a  series 
of  limestones,  tho  lower  1,500  feet  of  which 
resembles  tho  Middle  Cambrian  section  of  the 
Tintm  district,  20  miles  to  the  southwest,  in 
lithologic  character  and  stratigraphic  sequence 
but  is  loss  than  two-thirds  ns  thick.  It  in¬ 
cludes  mostly  dark  shaly  beds,  some  dolomitic 
members,  and  one  white  bed,  about  40  feet 
thick  and  050  feet  above  the  quartzite.  The 
next  S00  feet  also  has  characteristics  suggest¬ 
ing  Cambrian  ugc;  and  tho  top  500  feet,  a 
series  of  alternating  light-gray’  and  dark 
bluish  gray  dolomitic  beds,  has  lithologic 
characters  similar  to  the  Cole  Canyon  (Middle 
Cambrian)  and  Bluebell  (Ordovician)  dolo¬ 
mites  in  the  Tintie  district  (p.  30S)  but  is 
thinner  than  cither  These  limestones  are 
found  above  the  main  quartzite  exposures 
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aTe  also  exposed  along  tlie  low  ridge  which  I  f«it .  }  uu  -  1 


follows. 

Menophyilum  rij. 


separates  the  Santnquin  and  Goshen  valleys. 

MiaSIHSIPKAS  (AND  HAULIER?)  HOCKS. 

The  Cambrian  limestones  tire  overlain  by 
500  to  G0(t  feet  of  mostly  dark-gray  dolornitic 
limestone,  in  which  no  fossils  were  found  hut 
which  are  probably  to  be  correlated  with  the 
lower  Missis  si  f>pi  an,  though  they  may  bo  older. 
Directly  above  them,  on  the  Santnquin  Ridge, 
in  similar  rock,  characteristic  Madison  (lower 
Mississippian)  fossils  were  found,  which  G.  H. 
Girty,  of  the  Survey,  has  identified  as  Meno- 
phj/Uurn  sp.,  Syringopora  surcularia?,  Chcnetes 
ilk nowenm,  Ditlusma?  sp.,  Spirifer  cenlro- 
noliis,  Euomphaluf  luxus,  and  PhiUipsia  sp. 

At  a  horizon  nearly  400  feet  higher,  black 
chert  nodules  in  dark  thin-bedded  limestone 
become  characteristic,  cherty  and  nonclicrty 
beds  alternating.  Fossils  in  this  cherty  hori¬ 
zon  were  found  in  abundance  on  tho  west 
slope  of  the  high  south  peak  of  the  Sontaquin 
Ridge,  where  the  following  forms  were  col¬ 
lected  by  the  writer  mid  determined  by  Mr. 
Girty: 

Cyatliaxonia  arc u at  a? 

BeUerophnn  sp. 

Rhcmboporu  up. 

Feneatella  sp. 

Prodiictell.i  concentrica? 

Rlupidonwlta  dolyana? 

Oamaroloechia  metallica. 

CHothyrklina  sp. 

Michel ina  placenta? 

Synnjjopora  eurcularia. 

Menophyilum  sp. 

Product  us  gallatiuensis. 

Spirifer  grimesi. 

Spirifer  centronatus. 

Spirifer  siborbicn  laris, 

Aiiiplexus. 

Zaphronlia?  sp. 

Uptaeua  rhomboidalis. 

Compoaita  sp. 

PhiUipsia  pcroccidcns. 

Aulopora. 

Choootca  illinoisensis. 

Sdhizoptoria  swaUowi. 

The  lower  Mississippian  forms  most  of  the. 
®ain  upper  parts  of  the  Santnquin  and  Mount 
\e  rhiges.  A  small  body  of  limestone  with 
c  wacteristic  Madison  fossils  was  found  north- 
^an^ttRll”b  on  the  lower  slope  of  the 
Ca^i'  W^eie  ^  ’s  apparently  overridden  by 

nuu  quartzito.  The  fossils  from  this 


*  yringopora  ©uivuhim? 

Schuchcrtella  chemungeaaia. 

Cboneles  illinoiacnm 
Productclla  concentrica? 

Productua  sp, 

Diolasnu  np, 

Spirifor  contronatus. 

Composite  huinilia? 

Euomphalus  ophircusis. 

Euomphahis  utahensis. 

This  limestone  passes  downward  into  lime¬ 
stone  with  Cambrian  characteristics,  and  the 
latter  in  turn  into  shale  and  quartzite.  The 
Cambrian  limestone,  however,  appears  re¬ 
markably  thin,  and  it  seems  probable  that  a 
part  of  the  section  has  been  concealed  by 
settling  along  a  strike  fault. 

About  400  feet  above  the  lowest  black 
cherty  beds  new  the  crests  of  the  main  ridges 
are  a  few  medium-gray  coarse-grained  limo- 
stono  beds  similar  to  that  replaced  by  the 
great  “Colorado  Channel1'  ore  body  in  the 
Tintic  district.  (See  p.  399.)  Fossil  stuken  from 
these  bods  were  identified  as  BatosiomeUa  sp., 
Cystodictija  sp.,  Fmestdla  several  sp.,  Ghoneics 
{Rin&isens-is,  and  Rldpidvmella  dalyana ?  by 
Mr.  Girty,  and  referred  tentatively  to  the  upper 
Mississippian. 

These  beds  alternate  with  block  cherty  beds, 
and  no  definite  boundary  therefore  can  be 
drawn  between  lower  and  upper  Mississippian. 
Two  hundred  feet  above  these  coarse-grained 
beds  sbaly  and  sandy  strata  are  intorhedded 
with  dark  dense  limestone,  which  is  still  in 
part  cherty,  and  form  a  series  similar  in  litho¬ 
logic  character  and  stratigraphic  position  to 
the  upper  Mississippian  strata  which  separate 
the  lower  Mississippian  limestone  from  the 
Weber  (Pennsylvanian)  quartzite.  No  attempt 
has  been  made  to  measure  the  thickness  of  this 
series  in  the  Sontaquin  and  Mount  Nebo  region. 
The  thickness  varies  greatly,  ranging  from  a 
few  hundred  feet  on  the  cast  slope  of  tiie 
Sontaquin  Ridge  to  probably  a  few  thousand 
feet  on  Mount  Nebo,  the  greater  part  of  which 
appears  to  consist  of  this  intercalated  series. 
Portions  of  the  upper  Mississippian  beds  are 
exposed  also  below  the  southern  end  of  the 
Cambrian  quartzite  of  the  Santaqum  Ridge 
on  tho  northeast  side  of  Santaqum  Canyon,  on 
the  low  hills  on  the  west  side  of  the  canyon, 
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and  on  the  low  western  flanking  ridge  south¬ 
east  of  York  and  nort  h  of  Vt  ash  Canyon. 
Fossil  fragments,  including  a  Produclus  of  the 
com  group  (probably  a  variety  of  P.  giganteus), 
a  Feneshtta,  a  Murlivia.  ( ?),  and  dLoxonema  (?) 
wero  found  in  the  exposures  on  cither  side  of 
tho  lower  Santaquin  Canyon.  These,  accord¬ 
ing  to  Mr.  Girty,  aro  not  sufficiently  character¬ 
istic  to  serve  as  a  basis  for  correlation,  but  so 
far  as  they  go  they  accord  with  the  lithologic 
character  and  stratigraphic  sequence  of  the 
rocks,  which  arc  upper  Mississippian.  No 
Paleozoic  strata  of  later  ago  than  Mississippian 
weroseen  in  thodistrict.  The  Weber  quartzite 
and  t he  Park  City  formation  were  evidently 
removed  during  an  erosion  interval  which  is  j 
expressed  by  a  marked  unconformity  between 
pre-Pennsylvanian  and  Tertiary  formations. 

UKHOZOIC  ROCKS, 

Mesozoic  rocks,  chiefly  gray  and  red  sand¬ 
stones  and  shales  with  a  few  deposits  of  gypsum 
and  rock  salt,  lie  south  and  southeast  of  Mount 
Neho  hut  have  not  been  studied  by  tho  writer. 
They  have  been  tentatively  correlated  with  the 
Jurassic  formations  because  of  their  gypsum 
and  salt  deposits.1 

TKRTIARY  ROCKS. 

The  best  sections  of  Tertiary  strata  seen  by 
the  writer  lio  cast  of  Snntaquin  Ridge  and  along 
tho  east  slopes  of  the  more  northern  summits 


of  Mount  Nebo  Ridge,  but  time  was  too  short 


to  allow  even  a  rough  estimate  of  their  thick¬ 
ness  and  sequence.  Veneers  of  Tertiary  rock 
are  also  present  on  the  low  red  foothills 
(down-faulted  blocks)  east  and  west  of  the 
ruilroad  between  Snntaquin  and  York.  Both 
sedimentary  and  effusive  volcanic  rocks  are 
present.  The  principal  sedimentary  types  arc 
a  conrso  conglomerate  and  a  peculiar  concre¬ 
tionary  limestone,  similar  to  that  quarried  for 
mnrblo  near  Clinton,  on  tho  Denver  &  Rio 
Grande  Railroad. 


Tho  conglomerate  consists  of  pebble's,  and 
in  places  oven  small  boulders,  mainly  of 
quartzite,  limestone,  and  black  chert  in  a  soft, 
red  sandy  matrix.  The  quartzite  pebbles 
include  both  Cambrian  and  upper  Mississippian 
types,  tho  Cambrian  greatly  predominating. 
Tho  limestone  pebbles  include  tho  slmly 


1  Houtwi.il,  J.  It  ,  U.  S.  Cool.  Survey  Bull, 
and  Hull,  ra,  pp.  03-LS7,  |goi. 
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Cambrian  types,  dolomitic  types  of  lower 
Mississippian  aud  probably  earlier  age,  and  the 
coarse-grained  gray  limoslono  of  upper  ilis- 
sissippian  age.  This  variety  of  pebbles  proves 
that  almost  tho  entire  Paleozoic  section  was 
exposed  to  erosion  while  the  conglomerate  was 
forming.  There  is  no  evidence,  however,  that 
the  pre-Cambrian  rocks  wore  exposed  to  oro- 
siou  ut  this  time.  Owing  to  the  tendency  of 
the  red  matrix  to  rapid  weathering,  many 
outcrops  of  tho  conglomerate  arc  reduced  to 
an  aggregate  of  loose  pebbles  and  boulders  in 
a  soft  red  soil. 

The  Limestone  is  bleached  to  white  on  tho 
surface  but  is  pink  on  fresh  fractures,  weather¬ 
ing  to  a  bright-red  residual  soil.  It  consists 
for  the  most  part  of  a  dense  matrix  full  of 
largo  and  small  gray  to  brown  concretions, 
of  such  shapes  as  to  suggest  that  they  wero 
mostly  formed  by  accretion  of  calcium  car¬ 
bonate  around  nuclei  of  shells.  Several  forms 
suggesting  the  outlines  of  polocypods  and 
gastropods  wero  found,  and  ono  undoubted 
gastropod  was  collected  which  T.  W.  Stanton, 
of  the  United  States  Geological  Survey,  thinks 
may  bo  a  fresh-water  Eoceno  type.  The  lime¬ 
stone  is  chemically  very  impure,  containing  a 
largo  amount  of  red  clay  sand  and  even  pebbles, 
and  it.  is  probable  that  it  will  bo  found  on  more 
thorough  study  to  grade  into  the  conglomerate. 
The  concretionary  limestone  lies  near  and 
perhaps  at  the.  base  of  tho  Tertiary  section, 
but  its  thickness  and  horizontal  extont  aro 
not  known.  It  was  found  cast  of  the  Santa- 
quin  Ridge,  on  the  upper  eastern  slopes  of  the 
Mount  Nebo  Ridge  aud  in  the  low  hills  between 
Santaquin  and  York. 

IGNEOUS  ROCKS. 

VOLCANIC  ROCKS. 

The  volcanic  rocks  aro  limited  to  a  coarse 
ngglomcrato  of  andcsito  or  latito  cobbles  in  a 
soft  matrix  of  tuff  whoso  outcrops,  owing  to 
tho  rapid  weathering  of  tho  tuff,  nre,  like  tho 
Tertiary  conglomerate,  mostly  reduced  to 
aggregates  of  loose  cobbles.  They  overlie  the 
Tertiary  sediments  and  arc  limited  in  the 
Santaquin  and  Mount  Nobo  region  to  the 
areas  covered  by  these  rocks;  but  to  the  west 
on  Long  Ridge  and  tho  East  Tintic  Mountains 
they  lio  beneath  andcsito  or  latite  Hows  on 
rhyolite  or  on  Paleozoic  sediments.  This  differ¬ 
ence  in  distribution  suggests  that  tho  Eocene 
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sedimentary  rocks  of  the  Bantaquin  district 
aid  not  extend  west  of  the  longituuo  of  Long 
and  that  Eocene  sedimentation  was 
stopped  or  interrupted,  locally  at  least,  by  vol¬ 
canic  eruptions  which  are  tentatively  assigned 
to  Into  Eocono  or  to  Miocene,  age. 

The  andesite  or  latite  cobbles  vary  from 
gray  to  dull  black  in  color  and  from  dense  to 
glassy  porphyritic  in  texture.  Two  varieties, 
augito  andesite  and  hornblcude-augite  ande¬ 
site,  have  been  noted  in  thin  section,  but 
others  may  also  be  represented.  These  two 
varieties  are  gonorally  similar  in  character  to 
members  of  the  volcanic  series  of  the  Tintic 
district,  which  aro  in  large  part,  if  not  wholly, 
of  latitic  or  monzonitic  composition. 

DIKES. 

The  only  exposures  of  intrusive  rocks 
studied  by  the  writer  are  two  small  dikes  of 
lamprophyre,  one  on  the  Black  Balsam  claim 
close  by  the  granite-quartzite  contact  on  the. 
firstsp.ur  south  of  the  Union  Chief  mine  east  of 
Soutaquin,  the  other  on  the  south  side  of  Bear 
Canyon,  northeast  of  Mona.  Besides  these, 
prospectors  liavo  reported  other  “porphyry" 
dikes;  hut  nothing  is  known  of  any  large  dikes 
or  other  forms  of  intrusive  rock  in  the  district. 

The  two  dikes  studied  are  very  similar 
megascopicnlly.  Their  color  is  dark  gray  to 
black,  and  their  surfaces  sparkle  with  shiny 
black  phenocrysts  of  biotitc,  which  range  from 
mere  specks  up  to  tablets  3  to  4  millimeters  in 
diameter  hi  a  deuse  gronndmass.  In  thin 
section,  the  Black  Balsam  dike  consists  of  a 
grouudmuss  composed  of  glass  and  dibit© 
crowded  with  small  phenocrysts  of  uugito  bio- 
tite,  olivine,  magnetite,  and  apatite. 

In  the  diko  on  the  south  side  of  Bear 
Canyon  the  ground  mass  consists  almost  en¬ 
tirely  of  alhite,  and  phenocrysts  of  olivine 
®ro  absent.  Chalcito,  chalcedony,  and  pvrite 
are  secondary  minerals  in  both  dikes.  Trie 
character  of  both  dikes  is  best  designated  by 
the  name  “albito  minette."1 

The  lamprophyrie  character  of  these  dikes 
8uggests  that  they  may  be  differentiates  ! 
rom  tho  pre-Cambrian  granite  uiagma  com-  i 

^1'or  i.ui  ill  J  tl«  .  rtpiionx  wee  Louphlin,  G.  F..  Two  lamproptij-ric 
P  V  ‘‘"I'lquia  and  Mount  Nolio,  t.loh:  lr.  S.  Cnol.  Survey 
l».  pp.  lat-KW,  Wis  (Prof.  Pwpor  120-E). 


plementnry  to  tho  aplitic  phases;  hut  (heir 
freedom  from  the  mechanical  and  chemical 
alterations  which  characterized  the  pre- 
Cambrian  rocks  renders  such  a  correlation 
quite  unlikely. 

So  far  us  the  character  of  their  nugitc  and 
biotite  phenocrysts  are  concerned,  tho  dikes 
have  characteristics  in  common  with  tho  local 
effusive  volcanic  rocks  nnd  with  tho  great 
volcanic  series  of  the  Tintic  district,  which  is 
free  from  pronounced  diastrophic  alteration 
effects;  but  in  tho  absence  of  calcic  phigioelase 
phenocrysts  they  are  strikingly  different. 
While,  therefore,  there  is  little  doubt  that  they 
belong  to  the  great  series  of  post-Eocene 
volcanic  rocks  they  must  be  regarded  as 
rather  unusual  members  of  tho  series. 

STRUCTURE. 

The  roeks  of  the  region  have  for  the  most 
part  a  homoclinal  structure,  with  an  easterly 
to  northeasterly  dip  of  near  30°.  The  strata 
northeast  of  Santaquiu,  however,  dip  north¬ 
east  to  north  as  if  appioaching  an  anticlinal 
axis ;  and  those  on  the  west  slope  and  summit, 
of  Mount  Nebo  are  sharply  folded,  with  dips 
ranging  from  almost  horizontal  to  vertical. 
The  monoclinal  structure  is  further  compli¬ 
cated  by  overthrusts  und  block  faulting. 

FOLDS. 

As  the  strata  are  for  the  most  part  homo¬ 
clinal,  it  is  in  general  fairly  easy  to  estimate  the 
depth  to  any  special  bed  at  any  point.  At 
Bear  Canyon,  however,  northeast  of  Mona,  and 
perhaps  over  a  considerable  part  of  Mount 
Nebo,  the  folding  is  more  complicated.  'Hie 
mouth  of  Bear  Canyon  crosses  the  axis  of  an 
anticline  which  pitches  south-southwest  and 
whoso  west  limb  dips  45°  or  more  westward, 
but  whose  east  limb  is  vertical.  Besides  tliis 
asymmetric  character,  several  thin-bedded  or 
shaly  strata  ure  crumpled  und  locally  pinched 
and  swelled,  causing  the  tluckness  of  tho  sec¬ 
tion  to  vary  from  place  to  place.  Three  or 
four  limestone  beds  in  this  vicinity  have  per¬ 
haps  been  replaced  by  ore,  but  their  strati¬ 
graphic.  positions  and  probable  underground 
extents  can  bo  properly  determined  only  after 
very  detailed  geologic  mapping. 
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FAULTS. 

Types. — Tho  principal  structural  features  in 
tho  Santaquin-Mount  Nebo  district  arc  faults, 
including  doubtful  overthrusts  of  general 
north-south  trend,  and  a  series  of  north-south 
and  east-west  block  faults  of  tho  “Basin 
Range''  typo.  (See  fig.  40,  p.  323.)  In  addi¬ 
tion,  systems  of  mineralized  fissures,  some  of 
which  are  necompunicd  by  distinct  faulting, 
trend  mostly  northeast  and  north-northwest, 
though  some  trend  approximately  north  and 
some  east.  Mineralization  of  these  fissures 
probably  took  place  long  ufter  tho  overthrusts 
but  before  the  period  of  Basin  Range  block- 
faulting. 

OverOirusls. — Tho  faults  which  arc  here 
described  ns  overthrusts  are  in  part  so  poorly 
exposed,  their  courses  so  nearly  parallel  to 
the  north-south  system  of  block  faults,  and 
the  rocks  along  them  so  free  from  severe 
crumpling  or  crushing,  that  the  writer  is  not 
fully  convinced  of  their  overthrust  character, 
East  of  Santaquin  the  northern  part  of  the 
pre-Otimhrinn  granite  appeal's  to  overlie  quartz¬ 
ite,  but  the  contact  is  concealed  by  debris. 
A  little  farther  northward,  however,  the  gran¬ 
ite  pinches  out  and  tho  main  body  of  Cam¬ 
brian  quartzite  overlies  ft  dnrk  breccia  ted 
limestone,  which  passes  downward  into  shale 
and  quartzite.  This  lower  quartzite  exposure, 
in  turn,  overlies  the  fossiliferous  Mississippinn 
limestone  (p.  325),  which  is  very  free  from  any 
of  tho  crumpling  or  brecciation  that  is  likely 
to  accompany  overthrusting.  The  Mississip¬ 
pi  limestone  is  underlain  conformably  by 
Cambrian  limestone  and  ft  third  quartzite 
exposure. 

The  pre-Cambrian  granite  southward  dis¬ 
appears  beneath  n  high  alluvial  slope,  now 
trenched  by  Santaquin  Creek;  bub  the  main 
Cambrian  quartzite  body  continues  and  at  its 
southernmost  exposure  rests  again  upon  fos¬ 
siliferous  upper  Mississippi  limestone,  which, 
as  northeast  of  Santaquin,  is  surprisingly  free 
from  contortions  and  ciusliing.  Reverse  or 
ovcvthrust  faulting  alone  seems  to  explain  tho 
positions  of  the  rocks,  but  the  absence  of  dis¬ 
turbance  in  tho  overridden  limestone  is  not 
easily  explained.  It  is,  however,  a  striking 
feature  throughout  tho  Wasatch  country  Lhat 
though  shales  ami  even  the  thinner-bedded 
quartzites  are  much  contorted  along  fault 


!  zones  the  adjacent  heavily  bedded  limestones 
are  practically  free  from  such  deformations. 

At  thomouth  of  North  Canyon,  Smiles  south 
of  Santaquin,  an  extremely  brcceiated  and 
apparently  nonfossiliferous  limestone,  which 
dips  east  beneath  Cambrian  quartzite,  affords 
the  most  convincing  evidence  of  un  over¬ 
thrust.  A  tunnel  of  the  Excelsior  Mining  Co., 
driven  through  tholimestono  into  the  quartzite, 
was  inaccessible  at  the  time  of  the  writer’s 
visit.  No  fossils  were  found  in  the  underlying 
limestone,  but  the  presence  on  the  dump  of 
fragments  of  a  highly  carbonaceous  and  finely 
pyritic  bed  similar  to  two  found  elsewhere  in 
the  Mississippinn  of  the  southern  Wasatch 
Mountains  and  the  Tintic  district,  gives  a  clue 
to  the  ago  of  tho  limestone  and  accords  'with 
the  structural  relations  in  showing  the  fault  to 
bo  an  overthrust. 

Blech  faults. — Tho  undoubted  normal  or 
block  faults  of  the  district  are  marked  by 
longitudinal  and  to  a  less  degree  hy  tiunsverse 
valleys,  whereas  those  interpreted  as  over¬ 
thrusts  appear  unrelated  to  topography.  (See 
fig.  40,  p.  323.)  From  Santaquin  southward 
for  about  8  miles,  nearly  to  North  Canyon,  the 
western  side  of  the  range  is  composed  of  paral¬ 
lel  ridges  separated  by  remarkably  straight 
north-south  canyons.  The  strata  on  opposite 
sides  of  these  canyons  are  quite  discorannt. 
For  example,  just  north  of  Wash  Canyon  (2 
miles  south  of  York)  tho  upper  Mississippian 
strata  with  gentle  easterly  dip  form  the  low 
western  ridge,  whereas  pre-Mississippian  lime¬ 
stones  lie  directly  opposite  on  the  west  face  of 
the  main  ridge  and  upper  Mississippian  strata 
form  the  crest,  about  2,000  feet  higher.  Wash 
Canyon  follows  a  nearly  eust-west  luult,  the 
upper  Mississippian  limestone  north  of  it 
having  the  same  altitude  us  Cambriun  quartzite 
and  limestones  south  of  it.  Farther  south  a 
second  east-west  fault  cuts  off  the  North 
Canyon  overthrust.  East  of  York,  the  upper 
Mississippian  of  the  western  ridge  is  sepa¬ 
rated  at  another  east-west  fault  from  the 
Eocene  sediments  and  volcanic  breccia,  which 
cover  tho  low  lulls  west  of  Santaquin  Canyon, 
whereas  the  face  of  the  main  ridge  east  of  the 
canyon  is  made  up  of  tho  pre-Cambrian  com¬ 
plex  and  lower  Paleozoic  strata,  and  the  Ter¬ 
tiary  beds  are  found  only  along  its  eastern  base, 
i  The  most  obvious  cast-west  (N.  70°  E.)  fault  in 
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the  district  .s  that  on  the  west  side  of  the  main 
ridge  in  a  ravine  3.J  miles  south  of  Santaquin 
Cauyon,  where  tho  entire  Cambrian  quartzite 
and  the  overridden  Mississippian  limestone  end 
abmptly  against  the  lower  (probably  Cam¬ 
brian)  limestone  beds.  Tho  presence  of  Eocene 
conglomerate  and  late  or  post-Eocenc  volcanic 
agglomerate  on  these  faulted  blocks  places  the 
limo  of  the  faulting  and  Busin  Range  uplifts  i 
not  earlier  than  Miocene.  Block  faulting  on  a 
smaller  scale  but  in  tho  same  directions  and 
probably  of  tho  same  age  is  believed  to  be  the 
cause  of  apparent  discrepancies  in  thickness 
and  stratigraphic  sequence  of  the  limestone 
series. 

Mineralized  fissures. — Tho  mineralized  fis¬ 
sures  have  not  been  traced  on  the  surface,  and 
underground  developments  as  a  whole  uro  too 
few  to  afford  an  adequate  idea  of  their  persist-  1 
once,  origin,  or  arrangement  in  definite  sys¬ 
tems.  Tho  principal  fissures  cast  of  Sautaquin 
trend  X.  40°-60°  E.,  and  those  worked  or  pros¬ 
pected  in  the  Mount  Xebo  ridge  trend  N.  25° 
W.,  N.  25°  E.,  north,  east-northeast,  and  east, 
and  parallel  minor  fissures  east  of  Santaquin. 

It  can  not  be  said  whether  tho  more  persistent 
fissures  have,  fairly  uniform  trends  throughout 
the  district,  or  whether  there  is  more  thnu  one 
system  of  relatively  persistent  fissures.  It  is 
certain,  however,  that  mineralization  in  several ' 


ore  deposits. 

9  he  ore  deposits  comprise  veins  and  bedded 
replacement,  deposits  of  lead,  zinc,  and  copper, 
only  the  first  two  of  which  have  yet  been  found 
in  commercial  quantity.  Tho  copper  deposits 
arc  believed  to  he  genetically  connected  with 
those  of  lead  and  zinc,  but  their  distribution 
and  mode  of  occurrence  arc  sufficiently  distinc- 
ti\e  to  warrant  soparato  description. 

COPPER  DEPOSITS. 

The  copper  deposits  thus  far  prospected  are 
thin  veins  and  stringers  of  chalcopyrito  accom¬ 
panied  by  speculftrite,  chlorite,  and  quartz  that 
follow  fissure  zones  in  tho  pre-Cambrian  granite 
(gneiss)  and  in  tho  Cambrian  quartzite  and 
shale. 

Tho  Sally  Ann  prospect,  situated  beside  tho 
Union  Chief  road  in  Green  Canyon,  has  opened 
a  mineralized  fissure  zone  in  the  granite  that 
strikes  about  N.  15°  E.,  and  is  bounded  by  two 
well-defined  sliekensided  walls  about  15  feet 
apart.  It  is  crossed  by  nn  east-west  joint  ,  also 
with  sliekensided  walls.  Both  walls  and  the 
cross  joint  carry  stringers  of  chalcopyrite 
partlj- altered  to  the  green  carbonate,  malachite, 
and  the  red  oxide,  cuprite.  The  moderately 
shattered  rock  between  the  wo  11s  contains  a 
small  sprinkling  of  copper  minerals.  The 
gangue  minerals  are  vein  quartz,  which  in 


places  has  occurred  along  minor  or  branch  places  lines  small  vugs,  and  the  minerals  of  the 
fissures,  a  fact  which  prospectors  should  bear  in  |  altered  granite.  The  chalcopyrite  tends  to 
mind.  occur  separately  from  tho  vein  quartz,  though 

In  the  Union  Chief  lower  workings,  one  nar-  both  may  be  present  in  different  parts  of  the 
row,  approximately  east-west  fissure  contain-  same  short  stringer,  and  partly  replaces  the 
ing  caJcite,  barite,  and  a  little  galena,  is  offset  minerals,  especially  the  plagiocluse  feldspar,  of 
fc  low  feet  at  one  place  by  a  barren  strike  fuult  tho  granite.  The  malachite  also,  in  thin  scc- 
wbich  probably  belongs  to  the  block  fault  tion,  shows  a  tendency  to  replace  plugioelase. 
series.  This  is  the  only  place  in  the  district  The  Copper  Bullion  prospect  in  the  second 
known  to  the  writer  where  a  contact  between  a  or  third  draw  north  of  the  Solly  Ann  follows 


mineralized  fissure  and  a  postmineral  fault  has  a  sheur  zone  in  the  granite  parallel  to 
been  definitely  exposed,  though  evidence  in  the  northeast  dip  of  tho  foliation.  Tho  shear 
Go  Rva  mine  also  suggests  a  postinincral  surfaco  is  undulating,  anil  is  bordered  for  a  few 
fault.  These  occurrences,  however,  show  that  inches  on  cither  sitlo  by  idruost  microscopic 
bodies  arc  likely  to  be  offset  bv  faults  and  fractures  filled  with  finely  micaceous  cnlorite 
®*hl  to  the  difficulties  of  mining,  but  it  and  specularito  in  microscopic  grains  which 
ls possible,  by  careful  study  of  the  thickness  give  the  rock  a.  dark-greenish  color.  Micro- 
aad  sequence  of  limestone  beds  and  their  dis-  scopic  quartz  and  sericitc  are  idso  present  in 
Placements  on  the  surface,  to  determine  the  the  fractures,  and  with  the  other  vein  minerals 
amount  and  direction  of  such  faults.  1  impregnate  the  granite.  Minute  pynte  crys- 
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tala  arc  associated  with  those  minerals  in1 
the  veinlets,  especially  in  the  impregnated 
rock.  A  little  green  copper  stain  appears  here 
and  there  and  suggests  the  presence  of  a  small 
amount  of  chalcopyrite. 

The  Santaquin  Central  (Brownstonc)  tun¬ 
nel,  in  tho  upper  north  slope  of  Magee  Canyon 
east-northeast  from  Santaquin,  has  exposed 
similar  mineralization  in  a  shale  member  of 
tho  Cambrian  quurtzitc.  A  small  quartz  vein, 
which  in  some  places  pinches  out  and  in  others 
swells  to  4  inches,  follows  a  slickcnsidecl  strike 
fissure  in  tho  shale.  Tho  quartz  shows  the 
effects  of  slickensiding,  and  the  immediately 
adjacent  wall  rock  is  altered  to  a  felty  or  finely 
micaceous  mass  of  chlorite,  in  which  arc  dis¬ 
seminated  minute  crystals  of  pyrito.  Some 
small  lumps  of  chalcopyrite  lie  along  the  con¬ 
tact  between  the  vein  quartz  and  the  chlorite, 
and  in  thin  section  specularite  and  sericite  are 
seen.  The  minerals  ore  all  more  or  less  inter- 
grown,  though  pyrite  and  quartz  appear  for 
tho  most  part  to  have  formed  before  tho  other 
minerals. 

The  mineralization  in  these  prospects  may 
have  been  little  more  than  hydration  of  the 
granite,  accompanied  by  move  or  less  transfer 
and  concentration  of  the  constituents  to 
favorable  places  along  fissures.  The  water 
presumably  contained  sulphur  in  some  form 
capable  of  forming  pyrite  and  may  have  also 
introduced  the  copper,  but  the  total  amount  of 
copper  in  any  of  the  veins  studied  is  so  small 
that  it  may  be  ascribed  to  leaching  from  the 
pre-Cambrian  rocks  along  the  mineralized 
fissures.  Tho  next  vein  described,  however, 
which  is  intermediate  in  character  between  the 
copper  and  the  lead-zinc  deposits,  can  not  be 
attributed  to  strictly  local  origin  and  suggests 
that  oil  the  deposits  are  genetically  connected. 

Tho  Black  Balsam  vein  outcrops  near  the 
crest  of  a  spur  a  little  east  of  the  Sully  Ann,  and 
has  been  prospected  by  a  short  tunnel,  inacces¬ 
sible  when  visited.  The  wall  rock  is  more  or 
less  shattered  pre-Cambrian  granite  cut  by  n 
black  lamprophyre  dike  3  feet  thick.  The 
vein  which  lies  close  by  the  dike,  though  not 
found  in  contact  with  it,  trends  northeast  and 
dips  about  70°  SE.  Tho  vein  minerals  are 
coarse-grained  white  cnlcite  with  a  considerable 
though  subordinate  amount  of  tluorite,  a  few 
small  oxidized  grains  of  chalcopyrite  (und  py- 
l'itc'f).  and  some  green  copper  staining.  A 
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little  dolomite  was  also  noted  in  thin  section. 
Tho  vein  minerals  impregnate  and  replace  the 
more  crushed  portions  of  the  granite,  giving 
the  vein  a  gradational  rather  than  a  sharp 
contact.  Tho  vein  minerals  huve  intergrown 
contacts  with  one  another,  though  the  dolo¬ 
mite  and  c.alcito  appear  as  a  rule  to  have 
finished  crystallizing  before  the  fluorite.  No 
lead  minerals  were  noted  by  the  writer,  but 
an  assay  of  a  picked  sample  from  tho  vein  in 
the  tunnel  is  said  to  have  yielded  IS. 2  per  cent 
copper,  S  per  cent  lead,  0.4  ounce  of  silver,  and 
a  trace  of  gold  per  ton.  The  metallic  contents 
are  thus  intermediate  between  those  of  the 
copper  and  the  lead-zinc  veins.  The  gangue 
minerals  may  also  signify  an  intermediate 
character,  for  lluorite  in  other  Utah  districts  is 
commonly  associated  with  quartz  and  copper 
ore,  and  colcite  and  dolomite  are  characteristic 
of  lead  or  lead-zinc  deposits.  The  local  evi¬ 
dence  in  itself  is  far  from  convincing,  but  if 
compared  with  evidence  in  other  districts 
strongly  suggests  this  intermediate  character. 

UEAD-ZIN0  DEPOSITS. 

OCCURRENCE. 

The  lead-zinc  deposits,  both  in  veinliko  and 
in  bed  replacement  forms,  are  confined  to  tlie 
limestones.  Certain  limestone  beds,  those  most 
free  from  clay  impurities  and  of  granular  rather 
than  denso  texture,  am  the  most  favorable  and 
contain  small  bunches  to  rather  large  bodies 
of  ore.  Such  beds  are  found  throughout  the 
limestone  section.  The  coarse-grained  IkhIs 
(p.325)  are  by  far  the  most  favorable,  the  dense 
argillaceous  limestone  commonly  carrying  oro 
only  in  narrow  fissure  fillings. 

SANTA  OWIN'  RIDOF,. 

Union  Chief  mine. — The  workings  of  the 
Union  Chief  mine  east  of  Santaquin  are  in 
Cambrian  limestone,  and  the  productive  ground 
to  date  is  limited  to  the  upper  workings,  in 
strata  which  he  400  to  550  feet  above  the  top 
l  of  the  quartzite.  The  lowest  stopcs  or  better 
pockets  are  about  150  feet  below  the  upper 
tunnel  at  the  base  of  the  main  inclined  winze, 
and  have  yielded  mixed  galena  and  lend  c&r" 
bonate  ore  which  is  said  to  run  20  to  50  and 
rarely  over  LOO  ounces  per  ton  in  silver.  In  tl 
raise  just  above  the  base  of  the  winze  the  ore 
forms  small  bunches  along  n  N.  50°  E.  fissure 
with  50Q-70°  SE.  dip,  having  for  the  most  part 
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filled  openings  izi  shattered  impure  limestone 
and  been  concentrated  to  some  extent  by  oxi- 
(ifttioa  and  by  tie  dissolving  away  of  some  of 
||\C  limestone  fragments  by  downward  circu¬ 
lating  waters.  Bunches  or  lenses  of  course- 
erruined  massive  culoite  are  also  present,  u  little 
of  which  carries  galena  but  most  of  which  is 
barren.  At  the  base  of  the.  raise  and  close  by 
the  winze  the  N.  50°  E.  fissure  is  intersected 
by  a  N.  30a  W.  fissure,  dip  60°-S0°  W.,  along 
which  a  thin  bpd  of  dark-blue  dolomitic  lime¬ 
stone  very  free  from  clay  impurities  has  been 
repluced  for  a  short  distance.  Eighty  feet 
Wow  the  upper  tunnel,  in  a  small  winze  near 
the  main  incline,  a  fissure  which  strikes  N.  10° 
W.  and  dips  G3°  W.  is  bordered  by  soft  yellow 
day,  residual  after  impure  limestone,  in  which 
are  embedded  lumps  of  gulena  and  lend  car¬ 
bonate  wliich  run  3  to  5  ounces  in  silver.  The 
ore  is  accompanied  by  some  silieification  of  the 
limestone.  Eighty  feet  west  of  the  incline  on 
the  seme  level  a  fault  that  trends  N.  60°  E. 
and  dips  about  60°  NW.  carries  a  decomposed 
body  of  vein  quartz  ajid  earthy  iron  oxide, 
which  assays  16  per  cent  lead  and  2  ounces 
silver.  At  the  intersection  of  this  fa  nit  with  a 


west-northwest  fissure,  where  the  dip  of  the 
rock  is  locally  reversed  and  forms  a  trough,  a 
favorable  bed  has  been  replaced  by  a  small 
body  of  galena  (with  lead  carbonate)  and 
calcite.  The  replacement  body  extends  east- 
*outbcust,  along  the.  fissure  for  20  feet  and  stops 
against  a  north-northeast  fault  with  steep  west 
•tip,  probably  a  branch  from  the  fault  that 
trends  N.  60°  E.,  which  carries  a  little  ore.  On 
the  40-foot  level  at  the  intersection  of  two 
figures  that  strike  N.  70°  W.  and  N.  25°  E., 


respectively,  a  bedded  replacement  has  beet 
»ioped  over  an  area  20  feet  square — the  largest 
•itopo  seen  in  the  mine.  The  ore  is  said  t< 
have  assayed  12  per  cent  load  and  2  ounces  oi 
less  silver.  The  high  silver  content  on  the  150 
001  kvel  strikingly  contrasts  with  the  lowei 
knar  on  the  SO  and  40  foot  levels  and  is  evi 
cntly  in  largo  part  the  result  of  enrichment 
*°  comparative  assays  of  pure  galena  ores 
vo  been  made  and  nothing  definite  is  known 
jjfto  too  changes  hi  silver  content  with  depth 
c  generally  decomposed  conditions  of  thi 
a  rocks  prevents  a  proper  estimate  of  th< 
®°unt  of  silicification  wliich  accompanied  ori 
*  Position.  So  far  as  could  he  seen  the  ore  h 


j  ns  a  whole  intermediate  between  the  siliceous 
and  nonsiliceous  types. 

In  the  lower  tunnel  workings  no  workable 
oie  lias  been  discovered,  though  several  np- 
I  proximately  east-west  stringers  of  enlcile  with 
a  little  galena  and  one  with  a  littlo  barite  and 
copper  minerals  f.lso  have  been  found  cutting 
dense  impervious  limestone. 

Blue  Eagle  and  White  Dragon  prospects. — 
On  the  south  slope  of  the  south  peak  of  the 
Santuquin  Ridge,  a  few  small  outcrops  of  oxi¬ 
dized  ore  have  been  prospected  on  the  Blue 
Eagle  and  White  Dragon  claims.  The  ore.  lies 
in  local  enlargements  of  small  northeust- 
sout Invest  fissures  which  cut  dense,  black, 
chertj’  limestone  of  lower  Mississippiau  (Mudi- 
son)  age.  The  Blue  Engle  ore  is  a  porous  mass 
of  lend  carbonate  iutergrowm  with  microscopic 
quartz  and  in  places  stained  by  a  greenish- 
yetlow  earthy  material  that  has  the  qualitative 
composition  of  vanadinite.  The  iutorgrown 
character  of  the  lead  carbonate  and  quartz 
suggests  that  they  are  both  of  secondary  origin. 
The  White  Dragon  ore  consists  of  coarse¬ 
grained  calcite  inclosing  grains  of  lead  car¬ 
bonate.  The.  calcite  around  small  vugs  termi¬ 
nates  hi  flat  rhombs,  or  platy  crystals,  which 
arc  a  typical  associate  of  secondary  ore.  'The 
absence  in  these  prospects  of  undoubted  pri¬ 
mary  ore  suggests  that  the  lead  carbonate 
together  with  the  quartz  and  calcite  may  be 
the  product  of  local  downward  leaching  from 
an  ore  body  now  completely  removed  by  ero¬ 
sion.  The  presence  of  several  veins  and 
pockets  of  columnar  and  scalenohedrul  calcite, 
which  nre  characteristic  accompaniments  of 
primary  ore  but  which  trend  north  or  north- 
northeast  and  are  cut  by  the  lead  carbonate 
fissures,  lends  weight  to  this  suggestion.  The 
original  ore  body  may  have  been  a  bed  replace¬ 
ment  at  the  intersection  of  the  primary  calcite 
fissures  with  a  favorable  coarse-grained  lime¬ 
stone  bed  that  formerly  lay  almut  200  feet 
above  tho  present  outcrops.  The  existence  of 
such  ores  due  to  downward  leaching,  which  are 
likely  to  form  small  local  bunches  along  water¬ 
courses,  should  lead  to  caution  in  prospecting. 
No  prospecting  has  been  done  in  the  coarse¬ 
grained  beds. 

Several  other  prospects  along  Santaquui 
Ridge  ha vo  rather  encouraging  and  others  dis- 
!  eouraging  surface  showings.  Only  one  or  tw'o 
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have  been  very  extensively  developed,  and 
nono  has  yet  found  ore  in  commercial  quantity. 

MOUNT  XEBO  71100 F.. 

Big  Neio  mint. — Tbe.  Big  Nebo  mine  is  about 
a  quarter  of  a  mile  south  of  IV ush  Canyon,  near 
the  base  of  the  range.  3310  ore  body  hus  been 
stoped  along  a  N.  25°  W.  vein  that  dips  60°- 
80°  E.  in  Cambrian  limestone.  The  stoped 
portion  is  pod-shaped,  with  an  averago  width  j 
of  4  feet,  and  pitches  steeply  southward  parallel 1 
to  the  sliekensides  on  the  walls.  The  ore,  lead 
carbonate  carrying  silver  and  having  an  aver¬ 
age  value  of  $36  a  ton,  was  followed  down  an 
incline  for  a  short  distance,  but  operations 
along  the  vein  were  suspended  with  a  view  to 
reaching  it  through  a  lower  tunnel.  The  mine 
was  idle  when  visited. 

Santa  quin  Cliitfmine. — The  Santaquin  Chief 
mine  is  on  the  upper  slopo  of  the  main  ridge 
east  of  lower  Wash  Canyon.  and  is  reached  by 
trails  either  from  Wash  Canyon  or  from  Pole 
Canyon,  which  lies  duo  south  of  Santaquin. 
The  ore  body  forms  a  pipe  in  lower  Mississip¬ 
pi  nn  limestone  at  the  junction  of  a  north-south 
with  an  east-west  fissure,  and  had,  when  vis¬ 
ited,  been  followed  to  a  depth  of  210  feet 
below  its  outcrop.  The  ore  is  coarse  to  fine¬ 
grained  galena,  more  or  less  altered  to  lead 
carbonate  in  a  quartz-calcito  gonguo.  The 
quart/,  forms  dense  masses  replacing  limestone, 
and  small  crystal  druses,  which  appear  to  be 
secondary,  around  pockets.  The  calcite  in  part 
occurs  with  the  quartz,  massive  calcite  serving 
as  a  groundmass  for  quartz  crystals,  and  also 
in  veins  which  cut  the  quartz  and  presumably 
fill  fractures  opened  during  a  lnte  stage  of  pri¬ 
mary  mineralization  after  quartz  deposition 
had  been  completed.  The  calcite  hi  both  oc¬ 
currences  tends  to  form  characteristic  long- 
pointed  crystals,  sealenohedrons,  along  open¬ 
ings.  In  thin  section  the  quartz  is  seen  to  be 
accompanied  by  some  sericite  and  chlorite,  a 
few  small  grannies  resembling  anutuse  or  titan- 
itc,  a  few  resembling  fluorite,  and  fine  grains 
of  iron  oxide  probably  after  pyrilo.  The  re¬ 
placement  quartz  contains  isolated  grains  and 
small  patches  of  galena  with  pronounced  cubic 
cleavage.  The  fine-grained  galena  tcuds  to 
form  streaks  or  narrow  lenses  wldch  lie  both 
within  the  quartz  and  along  the  edges  of  the 
quartz  and  tend  to  work  into  the  calcite  and 
limestone.  The  lead  carbonate  occurs  in  all 


stages  from  alteration  rims  around  galena  to 
complete  replacements  of  it.  No  zinc  miner¬ 
als  had  been  reported  in  1012,  but  were  later 
said  to  occur  along  the  walls  of  the  vein. 

Santaquin  King  mine. — The  Santaquin  Kin® 
workings  are  on  the  slope  above  those  of  San¬ 
taquin  Chief.  The  surfaco  showing  is  a  zone 
of  calcite  voinlots  trending  oast  to  cast-south¬ 
east  in  broken  limestone  along  the  footwallside 
of  a  fault.  Small  amounts  of  load  minerals 
have  been  found  associated  with  the  calcite. 
The  country  rock  in  a  tunnel,  which  was  80 
feet  long  at  time  of  visit,  is  the  dense  black 
cherty  Mississippian  limestone,  which  includes 
a  dark  carbonueeous  bed  of  almost  coal-like 
appearance.  The  favorable  coarse-grained  lime¬ 
stone  beds  outcrop  about  200  feet  above  the 
tunnel  mouth  and  have  not  been  systematically 
prospected. 

Eva  mint. — The  Eva  mine  is  on  the  north 
slope  of  North  Canyon  near  the  crest  of  the 
main  ridge.  The  ore  is  a  replacement  of  the 
coarse-grained  limestone  of  probable  upper 
Mississippian  age.  Thjee  such  beds  dip  about 
20°  S.  75°  E.,  and  are  said  to  be  mineralized; 
but  only  the  uppermost  of  the  three  has  been 
stoped.  This  bed,  which  is  somewhat  dolomi- 
tized,  lies  about  130  feet  below  the  lowest 
quartzite  bed  of  the  upper  Mississippian  and 
is  overlain  by  a  fine-grained  highly  carbona¬ 
ceous  and  argillaceous  bed  locally  called  the 
“velvet  lime.”  This  impervious  bed  marks 
the  upper  limit  of  mineralization  but  is  more 
than  10  feet  above  t  he  ore  shoot. 

The  oro  lies  along  the  bedding  in  parallel 
layers  more  or  less  separated  by  unreplaced 
rock  which  is  ribboned  with  short  vciulets  of 
coarse  white  dolomite  and  calcite  spar.  The 
spar  veinlets  are  also  present  between  the 
ore  and  the  hanging  wall.  Fissures  in  the  ore 
body  trend  nearly  north  and  also  N.  70°  E. 
They  are  more  or  less  filled  with  white  spar, 
which  varies  from  coarse  inassi<  e  to  columnar 
or  “onyx-like”  in  texture  and  forms  long- 
pointed  crystals  (sealenohedrons)  around  pock¬ 
ets.  The  spar  itself  contains  little  if  any 
metal,  but  the  thicker  parts  of  the  ore  body 
lie  along  the  spar-filled  fissures.  The  ore  body 
stops  against  a  fault  fissure  which  trends  N. 
23°  E.  nnd  dips  steeply  west.  The  direction 
and  amount  of  displacement  ulong  the  fault 
had  not  been  determined.  The  greater  part 
l  of  the  stoping  lias  been  along  the  west  or 
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hanging  side  of  the  fault.  The  ground  east  of 
tho  fault  is  practically  unprospected.  It  seems 
probable  that  the  fault  fissure  was  the  main 
channel  through  which  the  ores  were  intro¬ 
duced  and  that  the  other  fissures  served  to 
spread  tho  solutions  through  tiie  replaceable 
bed.  The  ore,  however,  along  tho  fault  is  so 
oxidized  that  it  may  have  boon  leached  down¬ 
ward  into  the  fault,  and,  if  so,  there  is  nothing 
to  prove  the  relative  age  of  tho  fault.  Accord¬ 
ing  to  either  view,  however,  conditions  for 
underground  prospecting  aro  the  same,  as  they 
involve  the  location  of  the  replaceable  beds  on 
both  sides  of  the  fault.  Tho  possible  occur¬ 
rence  of  good  ore  bodies  on  the  east  side  of 
the  fault  is  likely  to  depend  upon  the  amount 
of  minor  Assuring  through  which  the  solutions 
could  have  spread  along  replaceable  beds. 
The  ore  is  composed  of  residuary  lumps  of 
coarse  to  fine  grained  galena  in  lend  carbonate 
and  of  secondary  zinc  minerals.  The  most 
abundant  zinc  mineral  is  the  carbonate,  srnith- 
sonite,  but  the  dense  white  basic  carbonate- 
hydrozincite,  and  the  hydrous  silicate,  cala¬ 
mine,  are  also  conspicuous.  No  zinc  blende 
was.  found,  but  its  former  presence  may  be 
marked  by  rusty  cavities  associated  with  prac¬ 
tically  unaltered  galena.  The  zinc  miuerals 
are  in  part  segregated  from  the  lead  ore  and 
mined  separately,  and  in  part  mingled  with 
the  lead  minerals. 

The  ore  is  divided  into  three  classes,  accord¬ 
ing  to  the  relative  proportion  of  silver,  lead, 
and  zinc,  but  the  average  tenor  of  the  ore  of 
each  class  could  not  be  learned.  The  better 
grades  ore  said  to  contain  as  high  ns  20  ounces 
of  silver  per  ton. 

Eureka  Leasing  cfc  Mining  Co.’s  claims. — 
On  the  south  side  of  the  mouth  of  Bear  Can¬ 
yon,  northeast  of  Mona,  is  the  group  of  claims 
operated  by  the  Eureka  Leasing  &  Mining  Co. 
(ux  1912).  Three  or  more  ore  bodies  have  been 
worked.  The  ore  and  gangue  are  of  tho  same 
•y?6  ns  that  of  the  Eva  mine,  except  that  some 
primary  zinc  blende  still  remains.  The  ores 
»re  classified  according  to  lead  and  zinc  con¬ 
tents  and  ns  a  rule  run  low  in  silver,  assays 
Slowing  2  to  14  ounces  per  ton.  The  ore 
°dics,  except  the  Freddie  lode,  are  replace¬ 
ments  of  the  coarse-grained  upper  Mississip¬ 
pi  limestone  along  fissures.  In  the  only 
tb°^k  ,leing  'v<)1'kcd  during  the  writer’s  visit 

e  ed  dips  about  45°  and  tho  fissure  some¬ 


what  moro  steeply,  and  the  oxidized  zinc  ore 
tends  to  concentrate  in  tho  bottom  part.  In 
other  stopes,  including  the  old  Burriston 
workings  and  the  Spider  property  on  tho  north 
side  of  the  cation,  both  hod  and  fissure  are 
practically  vertical.  The  Freddie  lode,  which 
has  been  stoperl  through  a  low  spur  at  the 
canyon  edge,  follows  an  east-west  fissure,  the 
ore  occurring  in  bunches  in  the  vein  and  in 
small  replacement  bodies  in  a  rather  finegrained 
limestone.  This  limestone  is  immediately  un¬ 
derlain  by  a  coal-black  carbonaceous  and 
phosphatic  bed,  on  which  the  largest  bunches 
of  ore  stoped  rested.  Another  good-sized 
pocket  of  oro  lay  at  the  intersection  of  the  east- 
west  vein  with  a  north-sou tli  cnlcite  vein.  The 
phosphatic  bed  contains  10  to  15  per  cent  of 
phosphorus  pentoxide  (P,05). 

CONCLUSIONS. 

Although  the  copper  deposits  ns  a  rule  occur 
in  siliceous  rocks  and  tho  lead-zinc  deposits  in 
limestone  the  two  types  arc  transitional  in 
character  and  were  doubtless  formed  at  the 
same  period.  The  small  size  and  scarcity  of 
tho  known  copper  shoots  and  the  very  small 
amount  of  alteration  or  replacement  of  the 
walls  offer  little  encouragement  to  copper 
mining. 

The  lead-zinc  deposits  as  a  whole  are  tran¬ 
sitional  from  siliceous  to  nonsiliceous,  though 
shoots  of  nonsiliceous  ore  are  the  more  numer¬ 
ous.  These  deposits  as  a  rule  are  character¬ 
ized  by  low  silver  content.  The  relatively 
high  silver  content,  in  some  shoots  20  ounces 
to  the  ton,  is  attributed  to  secondary  concen¬ 
tration  during  oxidation.  The  nonsiliceous 
variety  of  ore  has  formed  relatively  extensive 
shoots  only  where  pronounced  shattering  or 
particularly  favorable  limestone  beds  have 
afforded  opportunity.  The  most  extensive  ore 
bodies  are  where  mineralized  fissures  have  in¬ 
tersected  tho  coarse-grained  upper  (?)  Missis- 
sippian  limestone  beds;  but  even  these  are 
small  in  comparison  with  the  average  mines  of 
the  more  important  districts  of  the  State. 

production  . 

Bv  V.  C  .  H kirks. 

The  region  includes  the  Santaquin,  the 
Mount  Nebo,  and  the  Mona  mining  districts. 
Tho  Mona,  however,  has  no  metalliferous  de¬ 
posits  of  importance. 
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SANTAQUI.V  DISTRICT. 

The  Snntaquin  district,  in  Utah  County,  oi- 
ganizcd  in  1S71,  occupies  ft  nearly  square  area 
measuring  about  6  miles  on  a  side,  east  of  Sau- 
taquin,  a  station  on  the  Los  Angeles  &  Salt 
Lake  Railroad.  The  United  States  Geological 
Survey  has  no  records  of  any  production  pre¬ 
vious  to  1001.  From  1010  to  the  end  of  1017 
470  tons  of  lead  sulphide  ore  was  produced, 
yielding  3.449  ounces  of  silver,  208  pounds  of 
copper,  und  206,522  pounds  of  lead,  valued  in 
nil  at  SI  1,639. 

MOUNT  NKDO  DISTRICT. 

Tho  Mount  Nebo  or  Timmons  district  in  Junb 
County,  on  tho  western  slope  of  Mount  Nebo, 


In  September,  ISS0,  Huntley®  reported: 

The  Mount  Xcbo  district  *  *  *  is  situated  ou  the 
western  slope  of  Mount  Nebo  and  Ihe  adjacent  portions  of 
(ho  Wasatch  Range,  extending  15  miles  north  of  Salt 
Creek.  About  130  locations  have  been  made,  10  of  which 
»  •  *  arc  still  held  *  *  *.  The  country  rock  is 
limwtoue.  The  ore  is  ?ji  ochery  carbonate  and  galena, 
aasayiug  from  $10  to  830  silver  und  55  per  cent  lead,  and 
occurs  in  narrow-bedded  veins. 

The  principal  claimsare  tho  Olive  Branch ,  Mount  Queen, 
Germania,  and  Centennial,  each  having  it  few  hundred 
feet  of  cuttings.  Only  30  tons  of  ore  have  ever  been 
shipped . 

Since  1903  the  United  States  Geological  Sur¬ 
vey  has  recorded  the  production  reported  from 
tho  district. 


Production  nf  Mount  Ntbo  d'fti'irt,  !S~0  79/7. 
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along  tho  foothills  and  across  Bear  Canyon, 
was  organized  October  25,  1870.  At  that  time 
the  nearest  railroad  communication  was  Ameri¬ 
can  Fork,  62  miles  distant.  Wheeler  1  says: 

Tho  principal  mines  aro  tho  Mountain  Queen,  shaft  30 
feet;  Olivo  Branch,  tunned  120  ieet;  Hague  lode,  Revo¬ 
lution,  Atlantic,  Aspen  wall,  Groat  Western,  Mouitor,  Sul¬ 
tana,  Olivo  Brauch  No.  2,  Chicago  lode,  Little  Agnes, 
St.  Patrick,  and  Lily.  *  **  »  There  is  very  little  water 
iu  tho  immediate  vicinity  of  tho  mines.  *  *  *  On  the 
southern  slopo  of  Mount  Nebo  and  apparently  within  this 
district  aro  two  large  gypsum  and  one  large  salt  (reck) 
deposits. 


•  Wheeler,  0  M  ,  V.  S.  Uccg.  Surveys  W.  loot!,  Mtr.  Prut  R«.pt  lur 
U72,  j,p.  3i-2J,  ls>H. 


MONA  DISTBICT. 

The  Mona  mining  district  is  in  the  north¬ 
eastern  part  of  Juab  County,  near  the  town  of 
Mona,  on  the  Los  Angeles  &  Salt  Lake  Rail¬ 
road,  about  83  miles  south  of  Salt  Lake  City. 
Most  of  the  mining  is  for  gypsum. 

LAKE  MOUNTAINS. 

By  G.  F.  Louohun. 

The  Lake  Mountains  have  a  north-south 
length  of  about  17  miles  and  a  maximum 
width  of  6  miles.  They  lie  between  Utah  Lake 
on  the  east  and  Cedar  Valley  on  tho  west.. 

•  Precious  metals:  Tenth  Ccobiu  U.  S.#  Voi.  13,  p. 


O'H'IRRH  RANGE. 


There  is  no  known  record  of  ore  produced  from 
these  mount nins,  though  some  prospecting  h,ls 
been  carried  on.  Orly  tlio  north  end  south 
ends  of  tlie  ranges  were  visited. 


GEOLOGY. 

At  tbo  north  end,  which  includes  the  Lelii 
mining  district,  the  rocks  of  trie  eastern  slope 
consist  of  bluish-black  dense  and  mostly  thin- 
bedded  fossiliferous  limestones  of  upper  MLssis- 
sippian  age,  which  dip  about  20°  SW.  Fossils 
collected  by  the  writer  were  determined  ns 
follows  by  G.  II.  Girty,  of  the  United  States 
Geological  Survey,  who  states  that  the  strata 
containing  them  cun  sufely  be  placed  in  the 
upper  Mississippiaii: 

Stenopora  sp. 

fcnirifer  int  rqbesrcna. 

Productiw  pilcifonr.ia. 

BatosOjciella  sp. 

Font. stclla  sp. 

Cliothyridina  sublamcllosa. 

Diaphragm  us  elcgans. 

Zaplironlia  sp. 

Spirifer  keokek  var. 

Derby  a  kackaskiensis? 

These  strata  belong  to  the  series  which  lies 
beneath  the  Pennsylvaninn  quartzite  and 
which,  in  tho  Wasatch  and  Oquirrh  mountains 
and  in  the  Tintic  district,  is  characterized  hy 
nltemating  beds  of  limestone,  shale,  and  limy 
quartzite.  The  slide  and  quartzitic  beds  are 

scarce  or  absent  in  the  northern  Lake 
Momvtams,  as  well  as  in  tho  northern  part  of  the 
Mst  Tin  tic  Mountains,  15  miles  to  thesouthwost. 
Aitbough  no  quartzite  was  found  in  place  the 
great  number  of  quartzite  cobbles  and  boulders 
IJi  ie  canyons  und  eastern  alluvid  slopes  indi¬ 
cates  that  the  Pennsylvanian  quartzite  is  prol>- 
*  7  present  dong  the  backbone  and  western 
pe  °  the  northern  part  of  the  range. 
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(sedenohedrd)  edeite.  These  veins,  although 
ompan,m,g  or  lying  near  ore  bodi^  in  some 

!u id  C(  h  T  by  nr°  meana  s,lro  “‘Nations  of  ore, 
the  type  ot  ore  which  they  accompany  is 
very  u.J.kcl,  ,  deposii . 

portance  m  so  dense  and  impervious  a  rock 
tlie  local  limestone.  Some  fabulously  high 
assays  of  samples  from  this  district  at  one  time 
caused  considerable  excitement  but  proved  to 
be  fraudulent.  Nothing  of  value 
found. 


was  ever 


XOI1TTI  tintic  district.1 

The  southern  end  of  the  Lake  Mountains  is 
included  m  the  eastern  part  of  the  North  Tintic 
district.  Tlie  rocks  hero  have  on  irrcmlnr 
anticlinal  structure,  lying  nearly  horizontal 
wth  slight  undulations  for  nearly  tho  entire 
\vidth  of  the  range  (about  2  miles)  but  curving 
sharply  to  a  nearly  vertical  dip  in  tho  eastern¬ 
most  exposures.  Tlie  strata  scon  correspond 
in  character  to  the  Pine  Canyon  limestone 
of  tho  Tintic  district.,  which  is  mostly  of 
lower  Mississippi  an  (Madison)  ago,  but  whose 
Upper  beds  are  tentatively  correlated  ns  upper 
Mississippi  an  At  the  Wndess,  tho  only  active 
prospect  visited,  a  shaft  had  been  sunk  75  feet 
in  coarse-grained  limestone  similar  to  that 
containing  the  '“Colorado  Chumiol”  oro  body 
in  the  Tintic  district.  Some  veins  of  white 
columnar  edeite,  or  travertine,  accompanied 
by  some  soft  red  iron  oxide,  were  exposed 
in  the  bottom  of  tho  shaft. 

OQUIRRH  RANGE. 

By  B.  S.  Butleii. 

GEOGRAPHY. 


LE11I  DISTRICT. 

189416- disll’Ct'  0rg!iniz^  January  11, 
j,  ®  m  ^tftb  County,  southwest  of  Lehi,  a 

*nd  tb  0Ir  ^1C  ^enver  &  Rio  Grande  Railroad 
“jv.  j-  .  s,  ■'^Jigeles  &  Salt  Lake  Railroad. 
UIcb  Ix>r^crs  ^be  vest  shores  of  Utah 

4a  nr  i  •  ’  ‘<0nyX  marble>”  ‘lay  are 
found™  useful  mineral  products 

Ike  ev^eilces  °f  mineralization  seen  by 

er  ttle  a  few  veinlets  of  columnar 


The  Oquirrh  Range  extends  southward  from 
Great  Salt  Lake  for  about  30  miles  in  Salt 
Lake,  Utah,  and  Tooele  counties.  In  its 
southern  portion  it  is  about  10  to  12  miles  wide 
but  in  its  northern  portion  it  is  scarcely  half  as 
much. 

In  common  with  most  of  the  basin  ranges  the 
Oquirrh  Range  rises  steeply  from  tho  flat  valley 
bottoms  to  tho  crest  of  tho  range.  Its  highest 
portions  are  more  than  10,000  feet  and  most  of 
its  crest  is  more  than  8,000  feet  above  soa  level, 
or  from  3,000  to  5,000  feet  above  tho  bottoms 
of  tho  interniontano  vullc3rs.  Near  tho  central 
portion  of  tho  range  low  extensions  run  both 


'  S<«  olfo  p.410. 
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eastward  and  westward.  The  range  has  been 
carved  by  erosion  into  long  spurs  that  extend 
from  the  crest  to  tho  desert  and  arc  separated 
by  deep  canyon-Iiko  valleys. 

Only  tho  larger  valleys  contain  perennial 
streams,  and  none  of  these  furnishes  a  large 
supply  of  water.  Bingham,  Butterfield,  and 
Fairfiehl  canyons  on  the  east  sido  of  the  range 
and  Ophir,  Soldiers,  and  Tooele  canyons  on  the 
west  side  contain  streams.  Tho  surface  water 
is  not  sufficient  for  largo  agricultural  opera¬ 
tions,  or  even  for  mining,  but  it  lins  been  sup¬ 
plemented  in  recent  j'eors  by  llow  from  the 
deeper  dr  ain  tunnels. 

Timber  was  present  in  many  of  the  canyons 
in  the  curly  days  but  is  at  present  almost  en¬ 
tirely  lacking,  and  mining  needs  are  supplied 
from  other  sources. 

PHYSIOGRAPHY. 

The  Oqairrh  Mountains  arc  in  a  more  ad¬ 
vanced  stage  of  erosional  development  than 
many  of  those  in  tho  Great  Basin  region,  and 
tho  cause  for  their  elevation  is  correspondingly 
obscured.  Folding  is  now  tho  mast  conspicu¬ 
ous  structural  feature,  but  the  fact  that  the 
goneral  trend  of  the  range  is  north  and  the 
fold  structure  northwest  suggests  that  tho 
present  mountains  have  been  carved  from  a 
fault  block  uplifted  along  its  western  edge  and 
that  tho  folds  are  part  of  an  older  structure 
that  has  been  truncated  by  tho  fault.  Gil¬ 
bert  1  has  describod  a  fault  later  than  the  Lake 
Bonnevillo  deposits  along  the  west  side  of  the 
range,  and  an  earlier  movement  or  movements 
nlong  this  same  line  would  account  for  the 
present  outline  of  tho  range. 

Striking  minor  physiographic  features  of  tho 
range,  especially  around  the  northern  end,  are 
tho  beaches  and  terraces  of  the  ancient  lakes 
and  the  conspicuous  bar  at  Stockton.5 

GEOLOGY. 

SEDIMENTARY  KOOKS. 

Tho  sedimentary  rocks  of  tho  range  vary  in 
ago  from  Cambrian  to  Carboniferous.  Quartz¬ 
ites  and  limestones  are  the  most  abundant, 
though  some  shales  are  also  present. 

Tho  oldest  rocks  known  in  tho  range  aro  the 
quartzite  beds  in  Ophir  Canyon,  whose  ox- 

i  Gilbert,  G.  K.,  l.ako  ltcur.evllle:  11,  8.  Goal.  Survey  Mon  1  n  &v? 
1X80, 

1  Mem,  pi,  20. 


posed  thickness  is  about  500  feot.  Overlying 
these  is  a  series  of  shales  and  limestones  about 
100  feet  thick.  Fossils  collected  from  these 
beds  were  determined  by  L.  D.  Burling  as  Oho- 
lus  ( TTtxfonia)  ella  (Hall  and  Whitfield)  and 
PlycJicparia,  and  the  series  is  probably  to  be 
correlated  with  the  Lower  Cambrian  Pioche 
shale.  Olrrnllus  gilbcrti  1ms  been  found  in  col¬ 
lections  brought  in  by  the  Wheeler  Survey.5 
Overlying  this  limestone-shale  formation  is 
about  1,200  feet  of  strata  composed  largely  of 
rather  heavy-bedded  limestone  with  soinoshalv 
and  siliceous  beds.  A  fossil,  found  by  the 
writer  a  few  hundred  feet  from  the  base,  was 
determined  by  Mr.  Burling  as  probably  Cam¬ 
brian.  Gansl  and  Keefe  4  state  that  the  entire 
1,200  feet  is  of  Cambrian  ago,  and  Gilbert5 
states  that  Carboniferous  fossils  were  found  sep¬ 
arated  from  the  Cambrian  shales  by  less  than 
400  feet  of  limestone  beds.  In  the  Tintio  dis¬ 
trict,  which  is  in  a  southward  extension  of  tho 
Oquirrh  Range,  about  2,000  feet  of  Cambrian 
sediments  overlie  tho  great  quartzite,  which 
suggests  a  considerable  thickness  in  the  Oquirrh 
Range.  It  is  evident  that  more  data  are 
needed  to  determine  finally  the  age  of  these 
beds. 

Above  these  unfossiliferous  or  sparsely  fos- 
siliferous  strata  aro  beds  containing  abundant 
Carboniferous  fossils.  At  the  base  these  are 
mainly  limestones,  but  they  pass  into  a  series 
of  interbed ded  limestones  und  quartzites. 
Spurr 6  has  estimated  the.  thickness  of  Carbon¬ 
iferous  sediments  in  the  Mercur  basin  as  12,000 
feet,  and  the  total  thickness  from  tho  base  of 
the  known  Carboniferous  to  the  Bingham 
quartzite  is  doubtless  several  thousand  feet 
greater  than  it  is  in  the  Mercur  basin. 

The  lower  horizons  from  which  fossils  were 
collected  (near  the  Cliff  mine  in  Ophir  Canyon 
and  north  of  the  Ophir-Dry  Canyon  divide) 
yielded  a  fairna  determined  by  G.  H.  Girty  os 
Madison.  It  included  the  following  forms: 

Schucherlclla  chcrnungensis. 

Chonctcs  illiimkciisis. 

Spinier  rcntronalus. 

Spiriferina  solwlirualris. 

I-nxouema  sp. 

1  WalcoU,  C.  D.,  Correlation  paper-  -Cambf inn:  V.  S.  Ueoi.  Sun*T 
IluU.tt.p.  319. 1»1. 

•  Gansl,  O.  C.,  and  Kco.'e,  G.  A„  The  Ophir  mining  districC  Sun 
Uko  Min.  Dev.,  vol.  12,  p.  17,  Inly  M,  1910. 

‘  Gilbert,  a.  K.,  U.  S.  Gcal  Survey*  W.  lOOtii  Mcr,  Rcpl.,  v- 1  x 
p.  M,  1S7A 

•Spurr,  J.  E.,  Ecouumlc  geology  o(  the  Mercur  mining  district,  ‘ 

U.  8.  GcoL  Survey  Sixteenth  Ann.  Rcpt.,  pt.  2,  p.  377,  IS*. 


oquirrh  range. 


Euomphnlus  ulaboiisia. 

Syringopuni?  sp. 

Zaphrcnlia  sp. 

Cyatodiclya  sp. 

Ckonetcs  sp. 

Productella  conrcntrica. 

Diclasma  sp. 

Eumetiia  taaroyi. 

Cliothyriclina  orassirartlinalis. 

Paraparchik-s  sp. 

From  collect  ions  made  between  Dry  Canyon 
and  Soldiers  Canyon  on  the  west  side  of  the 
range,  the  following  fossils  were  determined  by 
Mr.  Girty  and  provisionally  referred  to  the 
upper  Mississippian : 

Fenestella  several  sp. 

Cystodietya  sp. 

Rhombopora  sp. 

Productus  ah'.  P.  parvus. 

Produrtus  laevicosla. 

Spoiler  keoktik  var. 

Spiriferina  sp. 

CliothyrWina  liirsuta. 

Clinthyridina  inorassata? 

Monophyllura  sp. 

Cystodietya  sp. 

Hemifrypa  sp- 

Rkipidomella  ?  sp. 

Rbipidoraella  aff.  It.  dubia. 

Butostomylla  sp. 

Fossils  collected  from  just  north  of  Soldiers 
Canyon  wore  determined  by  Mr.  Girty  as  Pro¬ 
ducts  serniretieitlatus,  Marginifera,  splendent, 
and  Spirifer  cameratus,  all  of  Pennsylvanian,  age. 

Although  more  detailed  work  is  necessary  to 
determine  the  thickness  of  the  divisions  repre¬ 
sented  in  the  great  limestone  and  the  series  of 
interbedded  limestone,  shale,  and  sandstone, 
it  seems  probable  that  fully  one-half  of  the  total 
thickness  belongs  to  the  lower  Carboniferous  or 
Mississippian. 

Overlying  the  great  limestone  and  series  of  in¬ 
terbedded  limestone,  shale,  and  sandstone  is  the 
tnghiun  quartzite,  composed  mainly  of  quartz¬ 
ite  and  sandstone  with  interbedded  lenses  of 
™testone.  Keith  1  estimates  the  thickness  of 
this  formation  as  probably  10,000  feet,  in  the 
,lnS|laai  district.  The  Bingham  quartzite  is 
,e~8^0st  formation  known  to  be  exposed  in 
Oquirrh  Rangtq  though  phosphatic  beds  in 
o  northern  part  of  the  range  are  supposed  to 
fit  the  same  horizon  as  those  above  the 
quartzite  in  northern  Utah  and  Idaho. 

C  a  ^.^nhur,  Areal  of  tho  Bingham  raining  district,  Utah: 

•  "*’L  Survey  Prof,  fuper  3N,  p. .%),  190S. 

35410°— 19 - 22 
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The  appaient.  thickness  of  the  Carboniferous 
rocks  in  tho  Oquirrh  Range  is  much  greater 
than  in  the  neighboring  ranges,  mid  it  is  possi¬ 
ble  that  this  is  due  to  faulting  that  has  not 
been  detected. 

IGNEOUS  ROCKS. 

The  igneous  rocks  of  the  Oquirrh  Range  are 
both  intrusive  and  extrusive.  The  extrusive 
rocks,  which  arc  confined  to  tbo  eastern  foot- 
lulls  and  the  spur  extending  eastward  near  the 
central  portion  of  the  range,  consist  of  flows 
and  breccias  of  andesitic  and'latitic  composi¬ 
tion.  The  intrusive  rocks  include  stocks,  dikes, 
and  sheets  and  arc  present  in  greater  or  less 
amounts  from  tho  Bingham  district  to  the 
south  end  of  the  range. 

The  only  large  bodies  of  intrusive  rock  are 
tbo  stocks  of  the  Bingham  district,  with 
which  are  associated  many  smaller  bodies  and 
dikes  and  sills.  These  rocks  are  all  of  mon- 
zonitic  composition,  though  differing  some¬ 
what  from  point  to  point.  Numerous  similar 
dikes  he  farther  south  in  the  Stockton  district, 
in  Dry  Canyon  and  in  the  “Birdseye”  porphyry 
of  Lion  Hill  and  the  Mcrcur  district. 

Dikes  and  sills  in  tho  southern  part  of  the 
range  in  the  Mcrcur  and  Ophir  districts  are 
fine  grained  and  rather  highly  altered.  Their 
composition  is  not  definitely  determined,  but 
apparently  they  are  considerably  more,  sili¬ 
ceous  than  the  other  rocks.  The  dome  struct¬ 
ure  centering  at  Ophir  strongly  suggests  un 
underlying  body  of  intrusive  rock. 

The  similarity  in  composition  of  the  rocks 
in  the  northern  part  of  the  area  leaves  little 
doubt  that  they  are  from  a  common  source 
and  were  intruded  at  essentially  the  same  time. 
The  siliceous  rocks  at  the  southern  end  of  the 
range  are  not  so  certainly  of  the  same  age  and 
origin,  but  no  known  evidence  shows  that  they 
are  of  different  age,  and  their  composition  may 
well  have  resulted  from  differentiation  of 
a  single  magma. 

The  relation  of  the  intrusive  to  the  extrusive 
rocks  is  nowhere  clear,  though  the  intrusives 
have  been  generally  considered  to  be  the 
older.  In  the  Tintic  district,  to  tho  south,  the 
two  are  of  essen tinUy  the  same  ago,  and  it 
seems  quite  probable  that  tho  same  may  bo 
true  of  the  Oquirrh  Range. 
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There  i.s  no  evidence  of  the  geologic  age  of  the  | 
intrusive  rocks  further  than  that  tney  are 
younger  thaji  the  Carboniferous  rocks,  which 
they  cut,  find  older  tluin  the  lake  sediments. 
Comparison  with  other  districts  of  tne  State 
suggests  that  they  are  of  Tertiary  age. 


STRUCTURE. 

Both  folding  and  faulting  are  important 
in  the  Ocjuirrh  Range.  All  the  faulting  seems 
later  than  the  folding,  and  the  latest  faulting 
is  believed  to  have  been  an  important  factor  in 
outlining  the  range. 

FOLD  IMG. 

The  range  is  composed  of  a  series  of  broad 
open  folds  trending  and  pitching  generally 
northwest.  In  the  southern  part  these  folds 
are  very  regular,  and  where  cut  by  deep  can¬ 
yons  expose  almost  diagrammatic  sections. 
The  southern  part  of  the  range  consists  of  an 
anticline  on  the  west  and  a  syncline  on' the 
cast,  both  cut  off  by  the  western  front,  of  the 
range  sou  th  of  Tooele  Canyon.  Tho  northern 
part  of  the  range  apparently  has  a  similar 
general  structure  but  is  much  more  compli¬ 
cated  by  faulting. 

At  Ophir  the  western  anticline  has  been 
raised  into  a  dome  or  quaqunversnl,  giving  the 
anticline  a  gentle  southerly  pitch  and  a  rather 
pronounced  northerly  pitch,  which  to  the  north 
exposes  successively  younger  beds,  ranging 
from  Lower  Cambrian  to  upper  Carboniferous 
or  Pennsylvanian. 


FAULTING. 


The  general  north-south  trend  of  the  range 
is  most  readily  explained  as  lieing  due  to  a 
strong  fault  which  truncated  tho  folds  along 
the  western  front  .  Recent  movement  is  known 
to  have  taken  pluco  on  a  fault  line  extending 
along  this  front  with  relative  uplift  to  the  east.1 

East-west  faulting  has  also  everted  an 
important  influence  on  the  large  structural 
features  of  the  district.  In  Ophir  Canyon  an 
east-west  fault  is  associated  with  the  dome 
structure,  with  whose  formation  it  was  prob¬ 
ably  associated. 

Emmons  1  has  railed  attention  to  an  east-  I 
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west  zone  of  faulting  just  south  of  Butterfield 
Cauyon  and  to  a  second  east-west  fault  north 
of  Bingham  Canyon  that,  follows  the  general 
direction  of  Dry  Canyon  and  that  has  thrown 
the  Bingham  quartzite  down  against  the 
underlying  limestones.  Concerning  the  influ¬ 
ence  of  the  faults  Emmons  says  that 

It  appears  that  the  sedimentary  rocks  of  the  Bingham 
area  at  present  occupy  an  abnormally  depressed  position 
relative  to  the  portions  or  the  range  lying  to  the  north  and 
to  the  south  of  it.  and  that  with  respect  to  the  northern 
portion,  at  least,  this  relation  hits  evidently  been  brought 
about  by  faulting.  *  *  * 

In  the  northern  third  of  the  range,  between  Connor  Peak 
and  Salt  Lake,  as  contrasted  with  the  south  half,  cast- 
west  to  north  trends  characterize  the  master  structure 
lines,  and  faulting  is  more  protriueni  than  folding.  Evi¬ 
dence  of  this  is  seen  on  the  steep  northern  face  of  the 
range  that  fronts  toward  Salt  Lake,  which  apparently 
represents  a  fault  scarp  with  a  trend  r.  little  north  of  east. 
The  sedimentary  beds  on  this  face,  largely  limestones,  dip 
irorn  i)0“  X.  to  vertical,  while  small  outliers  in  the  lake 
beyond — Sheep  and  Black  rocks — have  southerly  dips. 

Detailed  mapping  of  the  range  will  doubtless 
reveal  other  large  faults.  Minor  faults  are 
numerous  and  many  of  them  are  important  1 
on  account  of  their  association  with  the  ore 
deposits. 

A  Assuring  of  the  rocks,  possibly  accom¬ 
panied  by  slight  movement,  hits  had  no  im¬ 
portant  influence  on  the  large  structural  fea¬ 
tures  of  the  range  but  has  been  of  large 
importance- in  connection  with  the  deposition 
of  ores.  These  ore-bearing  fissures  vary  it; 
direction  from  place  to  place,  but  throughout 
the  range  most  of  the  important  ones  trend 
generally  north.  Barren  fissures  extend  in 
every  direction,  especially  in  tho  Bingham 
district. 

ORE  DEPOSITS. 

CHARACTER  AND  DISTRIBUTION. 

The  ore  deposits  of  the  several  districts 
in  tho  Oquirrh  Range  show  rather  marked 
differences  when  considered  individually,  hut 
when  viewed  as  a  whole  are  sufficiently  similar 
to  indicate  that  they  are  closely  reluted — that 
they  probably  derived  their  metal  content 
from  the  same  source  and  are  of  essentially 
the  same  age. 

In  character  the  ores  of  the  Bingham  district 
are  the  most  varied  in  the  range.  They  occur 
as  disseminated  deposits  in  altered  monzonite 
and  quartzite  adjacent  to  the  monzouito;  os 
vein  deposits  in  the  monzonite  and  in  tho 
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sedimentary  rocks;  ami  ns  replacement,  fissure, 
iiiul  bed  deposits  in  the  limestone. 

The  disseminated  deposits  are.  typically 
copper;  the  replacement  veins  are.  lead-silver 
deposits,  but  many  of  them  carry  important 
amounts  of  copper  ami  zinc..  The  replace¬ 
ment  deposits  in  the  limestone  arc  both  copper 
and  lead-silver  or  lcad-silver-zinc.  Some  de¬ 
posits  contain  relatively  small  amounts  of 
the  baser  metals  and  tire  essentially  siliceous 
silver  ores.  All  the  ores  carry  some  precious 
metal-  The  ores  of  tbo  Stockton  district  are 
essentially  lead-silver  but  contain  some  zinc 
tnd  copper.  The  ores  of  Dry  Canyon  are 
mainly  lead-silver  and  zinc  hut  contain  some 
popper.  Some  of  them  were  chiefly  vulu- 
»blo  for  silver.  The  Ophir  district,  like  Dr}' 
Canyon,  is  mainly  load-silver  but  also  yields 
zinc  and  copper.  The  Lion  Hill  urea  is  typi¬ 
cally  a  silver-producing  district,  but  it  also 
yields  load  and  small  amounts  of  zinc  and 
ropper.  Tho  Mereur,  West  Dip,  and  Sunshine 
ramps  are  chiefly  gold  producers,  though  the  1 
Mereur  district  has  yielded  some  silver. 

Thus,  the  Bingham  district  at  the  north  is 
the  only  one  containing  valuable  bodies  of 
copper  ore,  and  the  districts  in  the  extreme 
south  of  the  range  are  noted  principally  for 
their  precious  metals.  The  intervening  dis¬ 
tricts  produce  chiefly  load  and  silver  hut  yield 
also  &  considerable  amount  of  copper  and  zinc. 


GEOLOGIC  RELATIONS. 

The  character  of  the  ore  deposits  bears  a 
general  relation  to  the  igneous  rocks  of  the 
range.  In  the  Bingham  district  the  important 
copper  deposits  lie  either  in  or  close  to  the 
large  intrusive  bodies  and  tho  load-silver  and 
zinc  deposits  in  the  limestones  some  distance 
away.  There  are  gradations  between  the 
copper  and  loud-silver  deposits.  Lead-silver- 
zinc  deposits  occur  in  the  intrusive  rocks  but 
are  believed  to  bo  slightly  younger  than  the. 
copper  deposits,  which  in  places  are  cut  by 
coins  carrying  lead,  silver,  and  zinc. 

hi  the  Stockton,  Dry  Canyon,  and  Ophir 
districts  only  small  dikes  of  intrusive  rock  are 
present,  und  the  ore  deposits  associated  with 
1  om  are  characterized  by  lead,  silver,  and 
/;n'-  B,,<1  by  minor  amounts  of  copper. 

In  the  districts  in  the  south  end  of  tho  range 
°nly  relatively  small  bodies  of  siliceous  igneous 
^  are  present,  and  tho  associated  deposits 


are  characterized  by  precious  metals  and  by  a 
scarcity  of  base  metals. 

A  further  relation  between  tho  igneous  rocks 
and  the  characters  of  the  different  deposits  is 
indicated  by  certain  of  the  oro  und  gangue 
minerals,  which  form  within  certain  tempera¬ 
ture  ranges.  The  gangue  minerals  character¬ 
istically  associated  with  the  copper  deposits, 
including  biotito  in  the  altered  porphyry  and 
garnet  and  other  contact  silicates  in  the  lime¬ 
stones,  uro  thoso  that  form  at  relatively  high 
temperatures.  The  minerals  associated  with 
the  lead-zinc  ores  are  those  that  form  at  lower 
temperatures,  being  mainly  quartz,  some 
sericite,  and  a  littlo  garnet  and  tremolite.  No 
minerals  typical  of  high-temperaturc conditions 
were  found  in  tho  precious-metal  deposits 
toward  the  southern  end  of  the  range,  but 
cinnabar,  realgar,  und  minerals  common  to 
moderate  temperatures  are  present. 

From  the  above  relations  it  may  be  consid¬ 
ered  that  tho  ores  are  derived  from  a  common 
source  and  that  their  distribution  is  duo  to 
varying  conditions  of  temperature  and  pres¬ 
sure.  Copper  has  been  deposited  under  con¬ 
ditions  of  greatest  beat  and  pressure,  lead  and 
zinc  as  thoso  decreased,  and  precious  metals 
and  mercury  and  arsenic  at  the  lower  limits  of 
deposition  and  at  the  greatest  distance  from 
the  source.  The  presence  of  lead-zinc  deposits 
in  the  monzonite  body  can  be  explained  by 
assuming  that  tho  deposition  continued  over  a 
considerable  period  and  that  they  wore  depos¬ 
ited  later  than  the  copper  and  after  the  tem¬ 
perature  had  been  reduced.  Other  conditions 
were  probably  factors  in  the  deposition  of  the 
gold  and  silver  deposits.  (See  p.  394.) 

Ore  has  been  deposited  at  many  horizons, 
from  Lower  Cambrian  to  upper  Carbonifer¬ 
ous.  The  Opliir  Hill  deposits  aro  in  the  Cam¬ 
brian;  the  Lion  Hill,  Mereur,  and  Dry  Canyon 
deposits  in  tho  lower  Carboniferous,  and  the 
Stockton  and  Bingham  deposits  iu  the  upper 
Carboniferous.  'Hie  age.  of  the  sediments,  there¬ 
fore,  does  not  appear  to  determine  their  im¬ 
portance  as  ore  carriers. 

The  composition  of  the  sedimentary  rocks, 
on  the  other  hand,  docs  appear  to  be  an  im¬ 
portant  and  perhaps  a  controlling  factor. 
The  lead-zinc  ores,  most  readily  replace  the 
purer  limestones  or  dolomites,  and  only  in  small 
degree  the  siliceous  sediments,  and  tho  gold 
deposits  are  closely  associated  with  shnly  l>ods, 
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commonly  containing  carbonaceous  nmttei, 
whoso  composition  has  probably  helped  to  pre¬ 
cipitate  the  gold. 

Structurally,  tiro  deposits  of  the  range  have 
a  general  similarity,  though  individual  deposits 
differ  greatly  in  detail.  Most-  of  the  deposits 
in  the  sedimentary  rocks  are  associated  with 
north-south  fissures  and  have  formed  as  re¬ 
placements  of  certain  beds  in  chimneys  or 
shoots  following  the  intersection  of  the  ore 
fissure  and  the  replaced  bedding. 

MINERALOGY. 

The  mineralogy  of  the  several  deposits  and 
the  alteration  by  surface  agencies  can  best  be 
discussed  in  connection  with  the  description 
of  the  individual  districts. 

BINGHAM  OR  WEST  MOUNTAIN  DISTRICT. 

INTRODUCTION. 

The  following  description  of  the  Bingham 
district  is  based  very  largely  on  the  work  of 
Boutwell,  Keith,  and  Emmons,1  published  in 
1905.  The  writer,  however,  with  G.  F.  Lough- 
lin,  spent  several  days  in  the  district  in  August, 
1912,  collecting  data  on  the  disseminated  de¬ 
posits  (which  had  been  only  slighdy  developed 
at  the  time  of  Boutwell,  Keith,  und  Emmons’s 
study  of  the  district)  and  visiting  most  of  the 
larger  mines  though  attempting  no  detailed 
study  of  them.  Free  use  has  also  been  made  of 
a  paper  by  Beeson,2  dealing  particularly  with 
the  disseminated  deposits  of  the  district. 
Atwood3  bus  also  contributed  to  the  study  of 
the  physiography  of  the  range. 

LOCATION. 

The  Bingham  (West  Mountain)  mining  dis¬ 
trict  is  on  tho  eastern  slope  of  the  Oquirrh 
Range,  about  20  miles  southwest  of  Salt  Lake 
City.  The  greater  part  of  the  mineralized  area 
lies  in  Bingham  Canyon  and  in  canyons  tribu¬ 
tary,  though  some  ore  bodies  are  in  canyons 
to  the  east,  south,  and  west. 

i  Ecoiuunio  gvciV+v  of  Iho  Bingham  mining  district,  Utah;  U.  8, 
G«ol.  Survey  i’rof.  Paper  IK,  in  B, 

s  Beeson,  1.  Tho  dSscmJnttted  copper  ores  of  Bingham,  Utah: 
Am.  Inst.  Min.  Eng.  Bull,  107,  pp.  stni-KOij,  Nov.,  101.5. 

*  Atwood,  W.  W-,  Tho  physiographic  condition-.  »t  Untie,  Mont., 
anil  Bingham  Canyon,  Utah,  when  thn  c-ippor  ores  iu  those  districts 
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HISTORY  AND  PRODUCTION. 

By  V.  C.  TIkikes. 

HISTORY. 

The  first  discovery  of  mineral  in  the  ramp 
is  suid  to  have  been  made  by  G.  B.  Ogilvie  in 
the  fall  of  1863;  and  the  first  claim,  tho  West- 
Jordan,  was  formally  located  by  the  discoverer 
and  others.  The  district  was  organized  as  the 
West  Mountain  district,  December  17,  1S63. 
The  fust  location  was  followed  by  others  and 
by  some  development.  Conditions,  however, 
were  unfavorable,  owing  to  the  lack  of  trans¬ 
portation  facilities  and  of  suitable  reduction 
plants,  and  active  production  from  the  lodes  did 
not  begin  till  some  yearn  later. 

In  1864  placer  gold  was  found  in  the  gravels 
of  Bingham  Canyon.  Production  began  in  the 
spring  of  1865  and  during  the  next  six  years 
totaled  about  SI, 000, 000.  After  1871  the  im¬ 
portance  of  the  placers  declined,  but  they  have 
produced  intermittently  till  recent  years  and 
have  yielded  a  total  of  nearly  $1,500,000. 

The  Union  and  Central  Pacific  railroads, 
which  were  completed  in  1869  and  were  soon 
connected  with  Salt  Lake  City  by  the  Utah 
Central,  greatly  improved  transportation  facil¬ 
ities,  and  in  1873  a  railroad  was  opened  from 
Salt  Lnke  City  to  Bingham  Canyon.  These 
improved  conditions  stimulated  lode  mining. 
The  first-  shipment  of  ore  is  said  to  have  beeu 
a  carload  of  copper  ore  shipped  by  Walker 
Bros,  to  Baltimore  in  1868.  Lead-silver  ores, 
however,  furnished  the  main  production  for 
some  years. 

In  the  early  days  only  oxidized  ores  could  be 
successfully  treated  and  when  tho  sulphide  zone 
was  reached  the  output  of  lead  and  silver  de¬ 
clined.  In  the  late  seventies  several  mills  were 
constructed  to  recover  the  gold  from  the  gossan 
or  oxidized  portion  of  the  ore  bodies  in  lime¬ 
stone,  but  the  output  from  this  type  of  ore  has 
not  been  large  as  compared  with  other  types. 

In  1881  new  deposits  of  lead  were  discovered 
in  Butterfield  Canyon  and  these,  with  the  out¬ 
put  from  tho  older  portion  of  the  district,  pro-, 
duced  considerable  lead  and  silver  till  the  fall 
in  price  of  silver  in  1S93  dealt  a  severe  blow  lo 
the  business. 

The  production  of  copper  from  Bingham  on 
an  important  scale  began  in  1896,  the  first 
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largo  output  being  from  the  Highland  Boy 
mine.  The  success  of  this  mine  st  imulated  pros¬ 
pecting,  iuhI  soon  tin  important  output  was 
being  made  from  the  low-grade,  sulphide  de¬ 
posits  in  the  limestones. 

Prospecting  of  tho  disseminated  ores  of  the 
district  was  carried  on  from  tho  timo  that 
copper  became  an  important  factor  in  tho  out¬ 
put  of  tho  camp,  but  it  was  several  years  before 
important  production  was  made  from  this  type 
of  ore.  About  1904  systematic  development 
by  chum  drill  and  underground  methods  was 
begun  bv  several  companies,  largo  bodies  of 
ore  were  rapidly  proved,  and  a  small  output 
from  experimental  mills  was  soon  made.  Ex¬ 
tensive  production,  however,  did  nob  begin 
until  the  completion  of  the  large  concentrating 
plants  of  tho  Utah  Copper  Co.  and  tho  Boston 
Consolidated  Copper  Co.  at  Garfield,  and  of 
the  Ohio  Copper  Co.  at  Lark.  Tho  mill  of  the 
Utah  Copper  Co.  began  operation  in  1907,  t  hat 
of  tho  Boston  Consolidated  in  1908,  and  that 
of  tho  Ohio  Copper  Co.  hi  1909.  Tho  Utah 
Copper  Co.  had  previously  operated  a  500-ton 
experimental  mill  in  Bingham  Canyon. 

At  the  present  time,  through  consolidation, 
a  large  part  of  tho  ground  known  to  contain 
important  bodies  of  disseminated  coppor  ore  is 
held  by  the  Utah  Coppor  C'o.,  the  Ohio  Copper 
Co.  boing  the  only  other  important  operator. 


oro  hus  been  systematically  developed  by  this 
method  at  a  relatively  low  cost. 

Methods  of  extraction  of  tho  ores  have  dif¬ 
fered  witn  the  character  of  the  deposit  and 
h.;vo  changed  as  more  economical  methods 
have  oven  developed.  Tn  tho  replacement 
veins  the  prevailing  method  in  tho  early  days 
was  tho  square  set  and  fill,  and  in  many  de¬ 
posits  this  relatively  costty  method  of  extrac¬ 
tion  is  still  found  necessary.  In  the  smaller 
veins  only  stulls  aro  required  to  hold  the  walls. 
Moro  recently  various  modifications  of  tho  top 
slicing  and  cavingsys terns  have  boon  successfully 
employed  in  extracting  tho  larger  sulphide  oro 
bodies.  In  the  disseminated  ore  bodies  tho 
underground  extraction  has  been  principally 
by  tho  systems  of  caving  and  shrinkugo  slopes. 
For  a  largo  part  of  this  type  of  deposits  it  has 
been  found  more  economical  to  strip  tho  over¬ 
burden  and  remove  the  ore  by  open-cut  meth¬ 
ods.  In  this  method  tho  rock  is  shattered  by 
heavy  blasts  and  thou  handled  by  steam  shov¬ 
els.  Since  1914  tho  Utah  Copper  Co.  has 
|  mined  practically  all  its  disseminated  oro  by 
this  method. 


REDUCTION. 


MINING  METHODS. 


The  strong  relief  in  the  district  is  favorable  to 
the  opening  of  ore  bodies  by  tunnels,  and  these 
have  been  very  generally  used  since  the  oarly 
days  of  mining.  In  the  lower  areas,  notably  in 
the  eastern  part  of  tho  district,  where  depth 
could  not  bo  readily  attained  by  tumiels,  shafts 
were  sunk,  and  in  recent  years  these  have  been 
used  in  other  parts  of  the  district  to  develop 
the  ore  bodies  to  greater  depth  than  has  been 
found  feasible  bv  tunneling.  For  the  most 
pari,  however,  as  greater  depth  has  been  de- 
surcd,  long  drain  tunnels  have  been  driven,  as 
tho  14,000-foot  Mascotto  tunnel  from  tho  east 
side  of  tho  range  to  intersect  tho  ore  body  in 
|ho  Ohio  Copper  Co.'s  ground,  and  tho  11,000- 
°ot  Utah  Metal  Mining  Co.'s  tunnel  from  the 
^cst  or  Tooele  side  of  the  range  to  upper  Carr 
cork. 

The  early  development  of  the  disseminated 
eP08its  was  mainly  by  tunnel  and,  to  a  slight 
;x'ent»  hy  shafts.  Later  chum  drills  were 
bought  into  use,  and  a  large  percentage  of  the 


In  tho  early  days  of  mining  hi  the  district, 
when  tho  oxidized  load-silver  ores  constituted 
the  main  output,  treatment  of  the  ores  was  rel¬ 
atively  simple.  Several  blast  furnaces,  con¬ 
structed  in  and  near  the  district,  made  good 
saving  of  metals,  though  the  high  cost  of  opera¬ 
tion  made  it  possible .  to  treat  only  the  rela¬ 
tively  high-grade  ores. 

Numerous  attempts  to  treat  tho  gold  ores  in 
the  upper  portion  of  man}’  of  the  ore  bodies 
were  only  indifferently  successful.  Several 
stamp  mills  were  built,  and  operated  for  short 
periods,  the  gold  being  recovered  by  amalgama¬ 
tion.  Later  at  the  Highland  Boy  mine  cyani- 
dation  was  tried  but  withoutsatisfactory  results. 
Considerable  gold  was  recovered  in  the  several 
mills,  but  it  is  doubtful  if  the  metal  recovered 
paid  the  costs  of  operation.  Leaching  of  the 
siliceous  ores  of  the  Telegraph  mine  was  early 
attempted,  and  in  1910  a  50-ton  cyanide  plant 
was  built  by  the  Utah  Leasing  Co.  for  this  mine. 
The  discovery  of  extensive  bodies  of  copper  sul 
phide  ores  led  to  the  construction  in  tho  valley 
south  of  Salt  Lake  of  smelters,  which  were 
operated  successfully  until  1907,  when  they 
!  were  closed  by  order  of  the  courts  because  of 


damage  to  vegetation. 


copper-  smelting 
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plant  that  hail  boon  operated  in  Bingham 
Canyon  by  the  Yarapa  Copper  Co.  for  several 
years  was  closed  in  1010. 

At  present  the  copper  ores  of  the  district 
are  treated  mainly  at  the  plant  of  (he  Garfield 
Smelting  Co.  at  Garfield,  and  that  of  the 
International  smelter  at  International,  on  the 
west  side  of  the  Oquirrh  Range.  Tho  Garfield 
smeller,  completed  in  1006,  is  especially 
adapted  to  the  treatment  of  the  concentrates 
of  the  district  but  is  also  equipped  with  blast 
furnaces  for  the  treatment  of  direct-sinelting 
ores.  The  International  plant,  when  blown 
in  in  1010,  was  equipped  for  tho  treatment  of 
copper  ore  and  concentrates,  and  later  equip¬ 
ment  for  the  treatment  of  lead  ores  was  added. 
The  lead  ores  and  concentrates  of  the  district 
nro  treated  at  the  International  smelter,  at 
tho  plant  of  the  United  States  Mining,  Smelt¬ 
ing  &  Refining  Co.  at  Midvale,  ami  at  that  of 
tho  American  Smelting  &  Refining  Co.  at 
Murray. 

Numerous  mills  have  been  and  still  are 
operated  for  the  concentration  of  the  low- 
grade  lead-silver  ores.  The  zinc  content  of 
most  ores  has  been  low  enough  to  be  kept, 
by  judicious  mixing,  below  tile  percentage 
allowed  by  the  smelters  without  penalty. 

Tho  United  States  Mining,  Smulting  &  Re¬ 
fining  Co.  has  installed  Huff  electrostatic  ma¬ 
chines  for  treating  zinc  middlings  from  the 
ores  from  its  Bingham  mines  and  has  made  a 
considerable  production  of  zinc.  The  zinc  con¬ 
centrates  arc  shipped  to  eastern  plants  for 
further  treatment.  In  1015  the  American 
Smelling  &  Refining  Co.  built  an  experimental 
plant  at  Murray  for  the  production  of  elec¬ 
trolytic.  zinc. 

Since  1007  the  low-grade  disseminated  cop¬ 
per  ores  of  the  district  have  been  treated  in 
three  large  mills — tho  Magna  mill  of  the  Utah 
Copper  Co.  near  Garfield,  with  a  daily  capacity  of 
about  IS, 000  tons  of  ore;  the  Arthur  mill  (origi¬ 
nally  Boston  Consolidated)  of  the  same  com¬ 
pany,  with  n  capacity  of  about  15,000  tons, 
and  tho  mill  of  the  Ohio  Copper  Co.  at  Lark, 
with  a  capacity,  when  completed,  of  about 
5,000  tons.  With  thi>so  mills  operating  at 
capacity,  about  3S,0l)0  tons  of  ore  can  be 
treated  daily,  but  tliis  can  be  greatly  ex¬ 
ceeded  at  the  sacrifice  of  metal  recovered. 
Iu  1017  the  Magna  and  Arthur  mills  treated 
an  average  of  more  than  34,000  tons  of  ore 
daily. 


METAL  CONTENT  OF  THE  ORES. 

DRY  OR  SILICEOUS  ORE. 

The  dry  or  siliceous  ores  shipped  to  smelters 
from  tho  Bingham  (West  Mountain)  district 
comprise  gold  and  silver  ores  carrying  small 
quantities  of  the  sulphide  minerals  of  copper 
and  load.  Such  ores  have  been  used  at  the 
smelters  principally  for  convertor  lining.  Silver 
bullion  containing  a  little  gold  was  treated  at 
a  cyanide  mill  iri  the  district,  but  the  tonnage 
does  not  enter  into  the  averages  given  below 
and  can  not  be  given  separately  without  dis¬ 
closing  individual  production.  Tho  shipping 
grade  of  dry  or  siliceous  ore  was  produced  from 
the  Old  Jordan,  Mystic  Shrine,  Story,  Utah 
Apex,  Parnall,  Sampson,  Buffalo,  Niagara, 
Gold  &  Silver,  Utah  Bingham,  nnd  Queen. 

The  average  grade  of  tho  ores  from  the 
aggregate  yield  of  these  mines  is  as  follows: 


Siliceous  ore,  uitli  aierage  metallic  content,  prod  Med  in 
the  Bingham  ( West  Mountain)  d istrirl  arid  shipped  to 
smelters,  1903-1917. 


Year. 

Quan¬ 

tity 

(short 

tons). 

Gold 

(value 

per 

Ion). 

Silver 

(ounces 

per 

ton). 

Coppor 

(por 

cent). 

Lead 

(per 

cent). 

Aver¬ 

age 

gnsa 

value 

per 

ton. 

1903 . 

1,848 

50. 93 

2.23 

0.24 

$2.81 

1904 . 

1.918 

6.4-1 

10.  35 

1.40 

0.34 

16. 32 

1905 . 

2.  043 

3.54 

6  30 

1.39 

11. 10 

ISOS . 

2,412 

5.  27 

18.  43 

,03 

15.06 

1909 . 

102 

3.40 

11.  69 

.  20 

.37 

10.31 

1910 . 

7.808 

3.01 

11.49 

.85 

1.  55 

12.75 

1911 . 

1,071 

8.  14 

7.00 

1.39 

2.  10 

17.22 

1912 . 

1,432 

7.03 

5.03 

.98 

.04 

13.40 

1913 . 

718 

7.70 

6.73 

1.03 

1.22 

16.04 

1914 . 

820 

5.82 

4.  33 

.79 

10 

10.39 

1916..  .. 

•198 

4.  79 

C.  9-1 

'.79 

.  08 

11.00 

1910 . 

no 

2.  58 

4.  1)5 

J.  21 

11.00 

1917 . 

425 

1.07 

4.  35 

.76 

.00 

8.94 

COPPER  OR II  AND  CONCENTRATES. 

Copper  ores  of  two  grades  were  shipped  from 
the  district,  tine  bulk  going  to  the  concentra¬ 
tion  mills  nt  Garfield  and  a  fluxing  grade 
directly  to  the  smelters.  They  include  ores 
carrying  over  2i  per  cent  of  copper,  or  even 
less  in  the  case  of  the  great  disseminated  copper 
deposit  at  Bingham.  The  coppor  ore  shipped 
directly  to  the  smelters  came  from  the  following 
properties,  named  in  tho  order  of  their  fre¬ 
quency  as  regular  shippers:  Highland  Boy 
(Utah  Consolidated),  Yitmpa,  Old  Jordan, 
Commercial,  Bingham,  New  Haven,  Boston 
Consolidated,  Columbia  (Ohio  Copper),  Utah 
Apex,  Utah  Copper,  Fortunu,  Dalton  &  Lark, 


OQITIBRH  RANGE. 


343 


Mvstic  Shrine,  Bingham  Consolidated,  Butler 
Liberal,  Copper  Glance,  New  J\ecl  Wing,  Story, 
Brooklyn,  New  England,  Niagara,  Valentine 
Script,  Bingham  Mary,  Lone  Pine,  Pine  Tree, 
Bingham  Mines,  Ute  Copper,  Yosemite,  Winna- 
muck,  Colorado  &  Maple,  and  Gold  &  Silver. 
The  copper  concentrates,  as  sulphides,  were 
produced  during  the  last  decade  from  the 
Utah  Copper,  Columbia  (Ohio  Copper),  Boston 

Consolidated,  and  Eddie. 

Tho  average  grade  of  the  ore  and  concen¬ 
trates  representing  the  aggregate  yield  of  the 
district  is  shown  in  the  following  table: 

Copper  ore  mid  taneet Lit  rites,  with  aeerage  metallic  confer,/, 
produred  in  the  Bingham  (  Mat  MmitiUtin)  district  and 
shipped  to  sm liters,  1903-1017. 

Crude  ore. 


Year. 

Quan¬ 

tity 

(short 

tons). 

Gold 

(value 

per 

Ion). 

Silver 

(ounces 

per. 

ton). 

Cop¬ 

per 

(per 

cent). 

Lead 

(per 

cent). 

Aver¬ 

age 

gross 

value 

per 

ton. 

1903... 

427,  844 

$2.  06 

1.9*5 

2.  15 

$9.  03 

1904. .  . 

652, 7G1 

2.01 

2.  28 

2.30 

9.  23 

1905... 

648, 896 

1.86 

2.  12 

2.30 

10.34 

k  ‘I  ![■#?> 

630.  355 

2.  34 

1.  98 

2.  16 

13.  19 

1.  78 

1.58 

2.00 

10.81 

612, 766 

1.  57 

2.  07 

7.61 

B  TjiP 

603, 523 

1.49 

1.  14 

1.  99 

7.  25 

1910. . . 

472.511 

1.  64 

1.  55 

2.  25 

8.26 

1911... 

1.  96 

1.78 

2.  15 

a  29 

1812. . . 

424, 471 

1.93 

1.  77 

1.04 

8.43 

1913.  .. 

493, 833 

1.47 

L7L 

7.  85 

19U... 

407.  587 

2.40 

1.  79 

1.74 

8.03 

1915... 

393.  374 

1.96 

2.  06 

10.  36 

1915.. . 

576,010 

1.63 

1.62 

1.87 

11.88 

1917... 

442. 720 

1.46 

1.50 

1.86 

12.91 

Concentrates. 


9,215 

$2.85 

1.28 

. 

$60.  89 

1906 _ 

15,  364 

2.94 

L  16 

27.22 

83.  57 

USB 

14,  963 

2.61 

.  9S 

22.  86 

9L  62 

I'm. . . 

29, 799 

3.87 

1.  73 

26.  56 

1 1 1.  24 

99,  164 

a  18 

1.33 

22.  12 

62.  32 

1909. . , 

143,  517 

3.38 

1. 55 

23,  45 

65. 17 

1910. .  . 

176, 279 

4.  75 

2.  18 

25.  84 

71.56 

1911... 

207, 472 

4.08 

1.  93 

24.70 

66.  88 

1912..  . 

250,410 

2.99 

1.33 

20.  08 

70.07 

1913.. . 

373,  (191 

1.  62 

.83 

16.  65 

63.  75 

1914. . . 

355,152 

■T72 

.99 

17.56 

49.  33 

1915.. . 

427, 241 

1.83 

.96 

18.  29 

66  35 

1916. .  . 

fiod,  537 

1.74 

.86 

17.  37 

96.  23 

1917. . . 

649, 609 

1.59 

.79 

15.83 

88.  70 

1.KAI)  ORE  AND  CONCENTRATES. 

In  general  the  crude  lead  ore  and  concen¬ 
trates  arc  those  containing  over  4  V  per  cent  of 
lead.  The  bulk  of  the  lead  ore,  carrying  low 
contents  of  lead  and  zinc,  is  shipped  to  Mid- 
Vae,  I  tah,  for  concentration  and  separation. 


A  good  average  grade  of  lead  ore  is  shipped 
directly  to  the  smelters  from  the  following 
properties,  named  hi  the  order  of  their  fre¬ 
quency  as  shippers  during  the  lust  decade: 
Bingham  New  Haven,  New  England,  Dalton  & 
Lurk,  Utah  Apex,  Silver  Shield,  Niagara, 
Sampson,  Highland  Boy  (Utah  Consolidated), 
Old  Jordan,  Queen,  Montezuma,  Utah  Bing¬ 
ham,  Story,  Commercial,  Butler  Liberal,  For- 
tunn,  Yosemite,  Utah  Copper,  New  Red  Wing, 
Phoenix,  Massnsoit.,  Winnnmuek,  Last  Chance, 
Central  Standard,  North  Utah,  Ynmpa,  Bing¬ 
ham  Consolidated,  Cluster,  Mystic  Shrine, 
Lnitcd  Bingham,  Biugiium-Butte,  Conglom¬ 
erate,  Ute  Copper,  Petro,  Green  Grove,  I  van- 
hoe,  Bingham  Group,  Boston  Consolidated, 
Greely,  Utah  Metal,  Bingham  Mines,  Montana 
Bingham,  Brooklyn,  Julia  Dean,  and  St. 
James. 

The  average  grade  of  the.  ore  and  concen¬ 
trates  representing  the  aggregate  yield  of  the 
district  is  shown  in  the  following  table: 

Lead  ore  and  cone, mt  rat  ts,  with  average,  metallic  content, 
produced  in  the  Bingham  ( iVcsl  Mountain)  district  and 
shipped  to  smelters,  1903-1917. 

Crude  oro. 


Year. 

Quan¬ 

tity 

(short 

tons). 

Gold 

(value 

per 

ton). 

Silver 

(ounces 

per 

ton). 

Copper 

(per 

Ccllt). 

Lead 

(per 

cent). 

Aver¬ 

age 

gross 

value 

per 

ton. 

1903...  . 

6,047 

$2.  25 

8.  78 

815.  48 

1904 . 

13, 134 

.87 

11.77 

1.35 

19.  32 

27.  79 

1905 . 

53,  340 

.92 

9.  98 

.  85 

27.73 

1906 . 

71,041 

1.23 

8  36 

.73 

14  35 

26.  10 

47,  355 

2.  37 

8.27 

.72 

16. 18 

27.  SS 

1908 . 

25,  035 

2,83 

8.57 

1.  49 

19.90 

28.  03 

1909 . 

21.  143 

1  27 

10.  78 

1.35 

22.  76 

29.  97 

16.  353 

1.41 

11H01 

.57 

22.85 

29.  34 

1911 . 

91.813 

■Hi 

9.  4(1 

18.  12 

23.  12 

1912 . 

76,  764 

1.  1« 

6.23 

.76 

16.  86 

22.  67 

1913 . 

161,067 

1  16 

5.  11 

.74 

14.  30 

19.  20 

1914 . 

123,  723 

5.  47 

.68 

19.  56 

1915 . 

5.78 

24.  19 

1916 . 

158,518 

1.06 

6.66 

28.  19 

1917 . 

142, 604 

.94 

5.60 

.66 

13.  65 

n 

1  c 

Concentrates. 


$4.  75 

10  00 

19.27 

227. 

13 

tf5)'  ■  J 

.  .75 

14.  63 

19.3.8 

27. 

90 

1906 . 

3, 143 

1.  72 

9.20 

0.  11 

28.77 

38. 

90 

1997 . 

2.91 

ft.  98 

.60 

16.09 

2.8. 

46 

1908 . 

13, 859 

1.82 

.76 

18.  48 

23. 

11 

1909 . 

fpT.1 

1  78 

8.82 

.91 

18.  45 

23 

56 

1910 . 

66,711 

1.  72 

HI 

.52 

19.  84 

24. 

21 

1911  .  . 

68.791 

1.80 

6  09 

.56 

14.  .7 

18. 

18 

1912  .... 

54. 152 

1.8(1 

7.  18 

.83 

16.  11 

23. 

84 

)91.1 . 

65.  128 

2.  10 

7.  45 

.85 

18  77 

25. 

74 

1914  .... 

75,321 

3. 70 

8.  26 

.S5 

22.  26 

27. 

90 

1915.  .  .  . . 

89, 962 

4.44 

7.  05 

-.93 

18.  57 

28. 

7b 

I9](5 . 

110,409 

3.71 

.58 

17.37 

35. 

2-3 

1917 . 

87,  600 

4.  86 

8  95 

.06 

19.  20 

48 

81 
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The  properties  producing  lend  ores  of  milling 
grade  concentrated  at  Bingham  and  Midtale 
were  the  New  England,  Utah  Apex,  Old  Jor¬ 
dan,  Telegraph  and  Galena  (Lnited  States), 
Bingham  New  Haven,  Butler  Tiber  a),  Phoenix, 
Silver  Shield,  New  Red  Ming,  Last  Chance, 
North  Utah,  Commercial,  Massasoit,  A  ampa, 
Utah  Copper,  Winnamuek,  Engle  Bird,  Mystic 
Shrine,  Central  Standard,  Shawmut,  Monte¬ 
zuma,  Bingham  Mines,  Higldund  Boy,  Ute 
Copper,  Brooldyn,  Cluster,  Dalton  &  Lark, 
Queen,  Ivanhoe,  Niagara,  and  Utah  Metal. 

COPPER-LEAD  ORE. 

The  copper-lead  ores  are  classified  according 
to  the  same  method  as  tho  copper  and  lend 
ores.  The  producers  of  this  kind  of  ore  were 
the  Sampson,  Fortuna,  Last  Chance,  and  Sum¬ 
mit.  The  average  grado  of  the  ore  shipped  is 
shown  in  the  following  table: 


Copper-lad  ore,  uith  average  metallic  content,  produced  in 
the  Bingham  ( Wat  Mountain)  district  and  shipped  to 
smelters,  1007-1913,  1910. 


Year. 

Quan¬ 

tity 

(abort 

tens). 

Gold 

(value 

per 

ton). 

Silver 

(ounces 

per 

ton). 

Copper 

(per 

cent). 

Lead 

(per 

cent). 

Aver¬ 

age 

gross 

value 

per 

ton. 

1007 . 

6G4 

$0.  79 

12.80 

3.39 

12.  72 

$36.  27 

100S . 

189 

.36 

13.25 

3.  0  4 

20  no 

33.  8  L 

ion . 

1S7 

6,  42 

9.83 

18.85 

18.44 

75.36 

1012 . 

15 

2-1.  67 

22.67 

3.  32 

12.25 

60.63 

1013 . 

16 

2  25 

46.81 

6.78 

9.  52 

56.  87 

1916 . 

272 

15.  29 

9.96 

3.89 

4.  90 

47.77 

LEAD-ZINC  ORE . 


Crude  lead-zinc  ore  was  shipped  from  the 
Ute  Copper  (Wimiamuck),  Bingham,  Orleans, 
and  Jumbo  properties.  The  average  of  the 
ores  shipped  follows: 


Lead-zinc,  ore,  with  m't  attic  content,  produced  in  the  Bingham 
(HV.it  Mountain)  district  and  shipped  to  smelters,  1910-1! 
1918-17.  ' 


Year. 

1 

Quantity 

(short 

tons). 

Gold 
(value 
per  ton). 

Silver 
(ounces 
per  ton). 

Copper 

(per 

cent). 

1910 . 

$1.  24 

1. 55 

8.30 

6.79 

0.30 

.24 

1911 . 

1916 . 

1917 . 

1 

Lead-zini  ore,  u  ith  metallic  content,  produced  in  the  Bingham 
(  HVst  Mountain)  district  aiul  shipped  to  smelters,  1910-11 
1918-17 — Continued. 


Year. 

Lead 

(per 

cent). 

Recover-, 
able  zinc 
(percent). 

Average 
grcNS 
value 
per  ton. 

1010 . 

9.  24 

25.  20 

$41. 89 
26. 56 

44.71 
40.  49 

1911  . 

11.36 

9.23 

T«ir; . 

a,  19 

12.  46 

1917 . 

11.54 

10.11 

ZTSC  CONCENTRATES, 

Zinc,  concentrates,  recovered  from  ores 
treated  largely  at  Midvale  in  the  concentrating 
plant  of  the  United  States  Mining  Co,,  came 
from  the  Old  Jordan  (United  States),  Dalton  & 
Lark,  Utah  Copper,  Commercial,  Last  Chance, 
Silver  Shield,  Cluster,  New  England,  Ivanhoe, 
Massasoit,  Butler  Liberal,  Niagara,  Utah  Apex, 
Utah  Metal,  and  Winnamuek.  The  average 
grado  of  the  concentrates  is  9howu  in  the  fol¬ 
lowing  table: 

Zinc  concentrates,  with  metallic  content,  produced  in  the  Bing¬ 
ham  ( West  Mountain )  district  arid  shipped  to  smelters, 
1909-1913,  1915-1917. 


Year. 

Quantity 

(short 

tons). 

Gold 
(value 
per  ton). 

Silver 
(ounces 
per  ton). 

Copper 

(per 

cent). 

1909  . 

1,000 

4,543 

5,  BC9 
3,041 
4,821 

6,  550 
10,  590 

6,874 

1910 . 

1911 . 

1912 . 

$0.  74 
.49 

3.  72 
1.96 

0.75 

.55 

1913 . 

1915  . 

Ifllfi  .  _ 

........ 

CTifclMfflBgff 

Eptifnpiip 

UtfefeigtijM 

Year. 

Lead 

(per 

cent). 

Recover¬ 
able  zinc 
(percent). 

Average 
gross 
value 
per  ten. 

32.48 
38.  71 
40.22 
44.69 
35.  49 
41.92 
40.82 
34. 01 

$35.07 

41.81 

45.85 

69.01 

44.71 

103.95 

109.40 

80.38 

1910 . 

1911 . . 

1912 . 

2. 17 
1.75 

1913 . 

1913 . 

1916 . 

1917 . 

PBODUCTION. 

The  following  table  gives  the  yearly  output 
of  metals  from  tho  beginning  of  operations  to 
the  close  of  1917: 


Quantity  <>/  ore  *<‘td  or  t  rental  in  Bingham  (Watt  Mountain)  dintrirt,  JtiOJr-JVi  7,  mid  tyial  racial  ■  recovered. 


Copper. 


Gold. 

Silver. 

Fine  ounces. 

Value. 

Fine 

OUOCUd. 

Value. 

1865. .  .  1 

1873*. .  /• 
1874 . 

1876  . 

1S76 . 

1877  . 

1878  . 

1879  . 

1880  . 

1881 . 

1882 . 

1883 . 

1884.  .. 

1885. 

1886 . 

1887..  .. 

1888 . 

1889  . 

1890  . 

1891  . 

1892  . 

1893  . 

1894..  . 
1890. 

1896.. 

1897..  .  . 

1895. .  . 

1899. .  .  . 

1900..  . 

1901..  .  . 


<1  24,  787 


<*  101,132 


43,  606. 00 

*4, 111.00 
<1,451.00 
6l.S00.00 
*3.  750  00 
1 3,  000. 00 
f  4, 000.  00 
o  7, 410. 00 
*4, 317.00 
<3,  386.00 
<3, 173.00 
<5,000.00 
<5, 000.00 
<5,000.00 
<4,400.00 
<3,500.00 
<4,705.00 
<4,037.00 
<6,564.00 
<4,644.00 
<8,  000.00 
<11,000.00 
<  10,  000. 00 
<8,000  00 
<7,200-00 
<9,000.00 
<3,  611.00 
<12,226.00 
■*17,262.00 


$899,  340 

S4.9S2 
29,  995 
37,  209 
77,  519 
62, 016 
82,  687 
153, 178 
89, 240 
69,  995 
65,  592 
'103,359 
103,  359 
103,  359 
90,  956 
72, 351 
97,  261 
83, 452 
135,  690 
96,000 
165, 375 
227,  390 
206,718 
165, 375 
148,  837 
186, 047 
178,005 
252,  73-1 
356,837 


1,  207,  212 

<*416,920 
<*300,000 
<*435,000 
<*550,000 
a  650,  IWO 
*  950,  000 
<*430,965 
<*S05,  193 
<133,  134 
<439,981 
<*440,  590 
1,350,000 
<800,000 
<600,000 
<183,000 
<  561,  280 
<450,990 
<750,500 
<605,896 
<650,000 
<650,000 
<700,000 
<610,000 
<000,000 
<350,000 
<201,801 
<238,207 
•*691,923 


$1,  583,  910 

533,  658 
372,000 
604,  600 
C60.000 

747.500 
1,064,000 

495,610 
909,  868 
493,  773 
488,  379 
489, 059 
1, 444, 500 
792,000 
588,000 
454,020 
527,  603 
473,  540 
742, 995 
527,  130 
507, 000 

409.500 
455, 000 
414,800 
300,000 
206,600 
121,  081 
147,  726 
415, 151 


90,500 

<*120,000 
<*400,000 
<  536,  000 
<*228,000 
<*534,  400 
<*  100,  000 
<*50,000 
<*45,000 
<*50, 080 
<*50,000 
<*95,000 
<*  100,  000 
<*240,000 
<*500,000 
<*650,000 
<*  250,  700 
<*  175, 000 
<*594,618 
<*497,000 
<*205,000 
<*274,  756 
<*610,708 
<*500,000 
<*1,419,010 
<*2,  283, 791 
<7*4, 145, 028 
<6, 196,660 
<*  14,  422,  361 


$25,  311 

26, 400 

90.800 
112,  560 

43,  320 
88,  710 
18, 000 
10,  700 
8,100 
9,  565 
8,250 
12,  350 

10. 800 
26,610 
69,000 

109,  200 
33,845 
27,300 
76,  111 
57,652 
22, 140 
26, 102 
65,346 
54,000 
170,  281 
283,  190 
70S,  800 
1,  028, 6-16 
2,  408,  534 


13,  95S,  000 

«  4,  000,  000 
<27,  000,  000 
*26,000,000 
/21,  000, 000 
<*  15, 070, 000 
<*  8,  460,  000 
<*8,  942,704 
<*12,  345.  700 
<*  8,  500;  000 
<*  16.  250,  000 
<  15,  350. 000 
<*11,250,000 
<*  20,  000,  000 
<*  IS,  000, 000 
<*  IS,  000,  000 
<*  17,  588, 000 
<*  17,  202, 000 
<*26,  563,000 
<*24,505,500 
<*20,042, 100 
<*  14,  250,  000 
<*  15. 8-12,  300 
<*15,542,312 
'<*  1 1,  456,  782 
<*  5,  720,  GOO 
<2,320,000 
<4,260,000 
<2,754,779 


240,  000 


1,  155,  000 
542,  520 
346,  S60 
447, 135 
592,  591 
416,500 
698,  750 
567,  950 
555,  750 


980, 220 
741,  558 
470, 250 
506,  954 
466,  269 
-112, 44*1 
217,  300 
104,400 


1  Recoverablo  kino.  i 

Pounds. 

Value.  1 

I . 

[ . 

. 

. 

Total 
value. « 


885,040 


1,  935,  839 
1,  440,  746 
1,  512,  147 
1,  106,623 
1,  599,  892 
989,  833 
1.200,971 

1,  172,  718 

2.  114.409 


1,061,002 
1,436,  073 
1. 133,  212 

I. 234,018 

J,  1.00.  444 
1,  031.  562 

893,  097 
1,  112,286 


118,455  1 . | . ,  3,208,980 


o  A vc race  commercial  price*  uerd  far  each  mctul  to  make  total  for  each  calendar  year. 

t  In  1*64  sheen  discovered  and  iu  !».'■  trmvol  washing  acutely  taken  up.  Estimated  up  to  1871  obout  ll.OOO.WOUi  gold  produced,  bat  only  known  prodoctlon  included  In  table.  >’ir»l  shipment  of  ore  in 
Utah  veus  a  eatrloud  ot  copper  ore  trom  BMmn  in  Juno,  186k.  6c*  U.  8.  Otol.  Survey  krai.  Paper  38,  p.  S3, 1905. 
e  it.  s.  tieol.  Survey  yroi  J'.tper  38,  p.  t<7,  tins. 

•/  Estimated  by  V.  C.  Hoik  to  i  row  a  .separation  of  the  totul  output  reported  by  the  Director  of  tho  Mint  or  given  in  tbo  annual  review*  of  the  Salt  Lake  Tribune  and  U.  S.  Cool.  Survey  Miuur.il  Resource*,  1S53- 
1857.  Part  ol  the  records  of  vim  early  producers  were  used  in  the  estimates. 

<  Winnemiick  mine  largest  producer  of  lead  ores  starts  heavy  output  In  1873. 

/  Old  Telegraph  mine  jtrinctjxd  producer. 

e  Salt  take  Tribune,  Jan,  l,  1578. 

4  V.  S.  Geol.  Survey  Sixteenth  Ann  Kept.,  pt.  2,  pp.  JM-357, 189I-9S. 

<  V.  B.  Oeol.  Survey  Mineral  Rcsourem,  p.  ||7, 1884. 

/  Highland  Hoy  mine  starts  with  kea\ v  output. 


OQtURIlH  RAXGE. 


Quantity  of  ore  noli!  or  treated  in  Bingham  ( West  Mountain)  district,  1S65-1917,  and  total  metals  re-covered—  Continued. 


Year. 

Ore,  niton 
tons. 

Gold. 

Silver. 

Copper. 

Lead. 

Fine  ounces. 

Value. 

Pine 

ounces. 

Value. 

Pounds. 

Value. 

Pounds. 

Value. 

! 

1902. .  . 

1903. .  - 
1904  . .  . 

1905 . .  . 

1906..  . 

1907. .  . 

1905. .  . 

1909. . 

1910. .  . 

191 1 . .  . 

1912. .  . 

1913. .  . 

1914. .  - 
1915.  . 
JSMIi.  . 

1917.. . 

Total  e . 

260,  790 
433, 759 
705,  792 
<>1,012,009 
o  996, 121 
“1,  503,  082 
“2,  691,640 

0  4,  166.992 
06,427,953 
«C,  044,  893 
“6,  567,948 
"9,  190,374 
7, 800,  661 

9,  693, 184 
12,  777,  683 
14, 550, 394 

“26,  550.00 
“  43,  192. 00 
“56,391.00 
“63, 701.00 
“78,986.03 
“  75,  730.  24 
“60,382.69 
“  73,  599.  47 
“85,526.61 
“110,389.00 
“  $6,  875. 11 
“  85.  866. 66 
“104,079.80 
“  121,299.19 
“120,461.39 
“1  OS,  415.  71 

549,  457 
892,  858 
1, 165,  685 
1,  316,  817 
1,  032,  786 
1,  565, 483 
1,248,  221 
1,521,436 
1,767,  992 
2, 281,  943 

1,  7S5,  532 

J,  774, 815 
2, 151, 520 

2,  507,  177 
2,490,158 
2,  241, 152 

“477,  SS3 
“880,  129 
“1,448,  360 
“  1,  980,  583 
“  1,  927,  350 
“1,780,  580 
“1,053, 116 
“1,015,394 
“1,800,  410 
“2,  786,810 
“2,028,496 
“  2, 408, 692 
2, 383, 051 

2,  704,  833 
3, 095, 335 
2,  780, 120 

253.  278 
475.  270 
829, 476 
1, 196,  272 
1, 291, 325 
1, 179, 143 
558, 108 
840. 005 
972, 222 
1,477,009 
1,247,  525 

1,  451,  850 
1,317,827 
1, 371, 351 

2,  036, 730 
2,  295,  763 

“14,759,  621 
“  17,  279,  $04 
“ft30,62S,834 
“39,219, 734 
“  39,  424,  276 
“45,  431,  961 
“71, 155,740 
“92,  560,  340 
“113,  725. 280 
“129,  995,  865 
“116,  621,  793 
“144,  920,  494 
141,  924, 811 
17#,  593,  414 
223, 619,  609 
225,  HI,  675 

1,815, 433 

2,  367,  333 

3,  82S,  604 
6,118,  279 
7, 60S,  885 
9, 086,  393 
9, 392,  558 

12, 032,  844 
14,413,110 
1G,  249, 4S3 
19,  242,  596 
22,462,  676 
18,876,000 
30, 903, 848 
55,010,424 
61,537,  387 

“3,896.436 
“2,241,283 
“5,204,  383 
“23,494, 879 
“22,  927,  661 
“21,971,064 
“15,169, 518 
“30,365,  819 
“30,  271, 01G 
“46,  576,  337 
“43,  822,495 
“71,001,138 
76,  453, 128 
SO,  004,006 
85,  996,  190 
73, 523,  708 

159.754 
94.  134 
227,  702 

1, 104,  259 
1,306,  677 

1,  164,  466 
637. 120 

1,  305,  730 
1.331,925 

2, 095, 935 
1,972,012 

3, 124.050 

2,  981, 672 

3,  760, 188 
5,  933,  758 
6, 323, 039 

1,515,018.  90 

31, 318, 190 

48,415,824 

35,  GC5, 120 

1,658,636,866 

296,  GOSS,  196  'l, 058, 092, 538 

1 

52,  429,  453 

a  U.  S.  Gaol.  Survey  Mineral  Ranurtv.-,  1902-1917. 

6  TTuiti  CopiM-r  Co.  Dezuls  production  In  1001. 

c  Thee  toluL  arc  lor  mine  output  and  aggregate  more  than  il  smelters'  and  refiners’  llguros  a  era  used. 


Recoverable  zinc. 


Total 

vnlue.o 


Pounds. 


Value. 


2,  777, 922 
3, 829, 595 
6,  051,  -107 
9,  735. 627 


619,  3-12 
3,  572, 347 
1.715, 121 
2,711,982 
3,421,724 
4, 121,  977 
5,491,359 
10, 765, 192 
4,608.  471 


$35,  075 
192,  907 
268,  7G2 
187, 127 
191,616 
210,  221 
680,  929 
1, 442, 536 
409.554 


11,839,  873 
12,  995,  485 
1 1,  K-Hi,  067 
15, 735, 090 
1.8,708,  15G 
22,  373,  132 
24,  434. 792 
29.008.007 
25, 537,  240 
39,  223,  793 
66,  913,  606 
72, 866,  695 


40,052,718  h,  678,  727  I  419.G99,  6SC 


CO 

£- 

05 


Metals  produced  in  Bingham  (TTcsl  Mown  tain)  district,  1865-1917,  by  periods. 


Period. 

Ore,  phort 
tone?. 

Gold. 

Silver. 

Copper. 

Lead. 

Recoverable  zinc. 

Total 

value. 

Fine  ounces. 

Value. 

Fino 

ounces. 

-Value. 

Pounds. 

Value. 

Pounds. 

Value. 

Pounds. 

Value. 

1865-1 S80  . 
1881-1890  . 
1891-1900  . 
1901-1910  . 
1911-1917  . 

. 

06, 225, 137 

69,028.00 
42,  518. 00 
85,  245.  00 
581,351.04 
736,876.86 

$1,  426,  926 
878, 924 
1,  762,171 
12,017,  572 
15,  232,  697 

4,  940,  097 
6,  364,  168 
5, 256,  104 
13, 661,  758 
18, 193, 337 

$5,  961. 278 
6, 600,  742 
3,  831,732 
8,010,313 
11,201,055 

§§ 

Bg 

.$6,  745,  707 
6,  813,  566 

5,  229,  101 
7, 450, 422 
20, 190,  654 

4,221,889 
35,  830,  829 

227.982 
3, 450,  745 

$14,  550.  312 
14.  608,  372 
‘  13,  315.275 
96, 80S,  262 
280,  357,  465 

1,515,018.90 

31,318,190  |  48,415,824 

i 

35, 665, 120 

1,608,030,866  296, 608, 196 

1 

1,058,002,538 

52,429,453 

40, 052,  718  1,  678,  727 

419,699,  686 
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Platinum,  palladium,  bismuth,  and  other 
rftio  metals  huvo  been  collected  in  the  blister 
eopper.  Filers  1  gives  their  content  in  the 
blister  copper  from  the  Garfield  smelter,  which 
derives  most  of  its  ore  and  concentrates  from 
the  Bingham  district,  as  follows: 


Content  of  precious  and  rare,  mel'ils  per  100  tons  of  blister 
copper  fremi  Garfield  smelter. 

Oimcw 

Gold .  283 

Silver . .  3,  WO 

Platinum . .  •  d32 

Palhdiun .  1.183 


Selenium. 
Tellurium 
Bismuth . . 
Nickel.... 


Pounds. 
56.  0 
5.  5-1 
6. 1 
40.0 


ORE  RESERVES. 


No  close  estimate  of  tho  total  oro  reserves  of 
the  district  can  bo  made.  It  is  not  the  policy 
of  the  companies  to  block  out  large  reserves 
of  ore  in  limestone  in  advance  of  requirements, 
and  the  actual  oro  in  sight  by  no  means  indi¬ 
cates  the  possibilities  or  probabilities  in  this 
class  of  ore. 

It  has  not  yot  been  demonstrated  to  what 
depth  mining  can  be  profitably  carried  on  in 
this  class  of  deposits,  but  it  has  been  shown  that 
the  ores  generally  decrease  in  value  with  in¬ 
crease  in  depth,  and  in  some  of  tho  deeper  mines 
the  indications  are  that  the  profitable  limit 
under  present  conditions  is  not  far  distant. 
The  size  as  well  as  the  grade  of  the  ore  bodies 
also  rather  generally  decreases  with  depth,  and 
the  probability  of  finding  rich  ore  bodies  at 
great  depth  is  probably  not  great.  However, 
considerable  areas  of  promising  ground  have 
not  yet  been  thoroughly  prospected,  and  there 
are  good  reasons  for  expecting  that  important 
bodies  of  ore  may  bo  found  in  them.  The 
extent  of  the  limestones  in  the  neighborhood  of 
Carr  Pork,  including  tho  Highland  Boy,  Yampa, 
end  smaller  beds  or  lentils,  is  relatively  small, 
^nd  the  possibilities  aro  less  than  in  the  much 
more  extensive  Jordan  and  Commercial  lime¬ 
stones.  Recent  developments  have  revealed 
small  beds  of  limestone,  not  known  from  surface 
exposures,  some  of  which  contain  important  ore 
bodies,  and  it  is  entirely  possible  that  other  beds 
will  be  found  in  future  development.  The  larg- 
®*tund  richest  bodies  of  ores  of  the  replacement 
v«n  type  lia,ve  probably  been  discovered,  but 


there  is  little  doubt  that  this  type  of  deposit 
will  continue  to  furnish  a  large  amount  of  ore 
for  yearn  to  come. 

Tho  nature  of  tho  disseminated  ores  favors 
prospecting  by  churn  drills  and  permits  the 
development  of  large  bodies  at  relatively  low 
cost,  and  tho  extent  of  tho  operations  makes 
this  desirable  and  necessary.  Very  large  bodies 
of  this  type  of  ore  have  therefore  been  demon¬ 
strated,  and  will  doubtless  bo  supplemented 
from  territory  not  yet  prospected.  Further, 
the  depth  to  which  the  deposits  extend  in 
workable  amounts  has  not  yet  been  fully 
demonstrated.  The  Utah  Copper  Co.  at  the 
close  of  1916  reported  that  there  had  been 
424,524,000  tons  of  ore  devoloped  und  partly 
developed,  with  an  average  copper  content  of 
1.415  per  cent,  of  which  369,845,000  remained 
to  be  mined.  On  March  15,  1909,  the  Ohio 
Copper  Co.  reported  13,484  ,S65  tons  of  positive 
and  probable  ore  with  an  average  copper  con¬ 
tent  of  1.606  per  cent.  It  is  evident  that  with¬ 
out  further  prospecting  the  district  has  suffi¬ 
cient  ore  of  this  typo  to  supply  the  present 
milling  capacity  for  years  to  come. 

PHYSIOGRAPHY. 

Topographically  the  district  has  rather 
strong  relief,  tho  elevations  ranging  from  about 
5,500  feet  in  the  valley  near  the  mouth  of 
Bingham  Canyon  to  about  9,200  feet  at  the 
summit  of  Clipper  Peak.  In  general,  the  area 
presents  the  characteristics  of  a  region  in  a 
mature  stage  of  erosionul  development — that 
is,  it  has  been  dissected  into  a  series  of  ridges 
and  spurs  with  rather  uniform  slopes.  A  few 
areas  of  more  resistant  rocks  have  formed  cliffs 
or  steep  slopes,  and  most  of  the  minor  irregu¬ 
larities,  duo  to  differences  in  the  resistance  of 
the  different  rock,  ore  masked  by  the  abundant 
float  from  tho  breaking  down  of  the  much- 
jointed  quartzite  that  forms  a  large  part  of  tho 
rock  of  tho  district. 

The  slopes  of  tho  main  valleys  for  several 
hundred  feet  above  the  present  stream  beds  are 
much  steeper  than  the  general  slopes,  so  that 
this  portion  of  the  valleys  has  the  character  of 
canyons  and  exhibits  n  young  stage  in  stream 
development.  At  many  points  terrace  depos¬ 
its  of  stream  gravels  mark  the  lino  where  this 
change  of  slope  takes  place. 

At  present  the  streams  are  cutting  in  gravels 
that  have  partly  filled  the  lower  parts  of  the 


*  EUirs,  a.,  Am.  Inst.  Alin.  £»(•.  null.  7S,  p.  999,  1913. 
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canyons.  Boutwell  and  Keith  have  shown 
that  tho  ' 1  terrace  gravels”  slope  more  steeply 
to  the  cost  than  do  tho  present  streams  and 
have  attributed  the  cutting  in  tholower  portion 
of  tho  valleys  to  differential  uplift  that  tilted 
the  range  to  tho  east.  From  observations  over 
a  wide  area  in  western  TJtaU  tho  writer  is  led  to 
believe  that  tho  cause  for  this  renewal  of  down 
cutting  was  widespread  rather  than  local  and 
is  inclined  to  attribute  it  to  a  general  change,  | 
perhaps  climatic,  rather  than  to  local  changes 
in  elevation.  Certain  features,  however,  seem 
to  bo  most  readily  explained  by  differential 
movement,  nnd  it  is  recognized  that  this  may 
have  played  a  part. 

QF.OI.O0Y. 

Tho  rocks  of  tho  district  include  consoli¬ 
dated  sedimentary  rocks,  unconsolidated  sedi¬ 
ments,  intrusive  rocks,  and  extrusive  rocks. 
(Seo  PI.  XXXin,  in  pocket.) 

SEDIMENTARY  ROCKS. 

Tho  sedimentary  rocks  of  tho  district  are  the 
Bingham  quartzite,  predominantly  quartzite, 
with  subordinate  members  or  lentils  of  lime¬ 
stone  and  sbaly  and  limy  sandstones. 

BINGHAM  QUARTZITE. 

The  Bingham  quartzite,  which  is  by  far  the 
most  widespread  rock  of  the  district,  is  a  rather 
fine  grained,  usually  nearly  white  quartzite, 
which  shows  a  remarkable  uniformity  of  char¬ 
acter  throughout  its  great  thickness.  It  con¬ 
tains  a  few  beds  of  pebbly  conglomerate  and 
locally  it  becomes  shnly  or  limy,  but  for  the 
most  part  it  is  composed  of  quartz  grains 
cemented  with  silica  and  is  everywhere  almost 
identical  in  appearance.  Except  in  the  vicin¬ 
ity  of  limestone  the  bedding  is  usually  obscure, 
owing  in  part  to  the  massive  character  of  the 
quartzite  and  in  part  to  the  presence  of  joints 
which  have  broken  the  quartzite  into  small 
blocks  rarely  more  than  a  few  inches  in  dimen¬ 
sion.  Theso  abundant  joints  tend  to  obscure 
tho  indistinct  bedding  planes  where  the  quartz¬ 
ite  outcrops  and  cause  it  to  break  down 
readily,  so  that  its  surface  is  very  largely  man¬ 
tled  with  a  variable  thickness  of  these  angular 
fragments. 

The  thickness  of  the  Bingham  quartzite  is 
somewhat  uncertain,  owing  to  the  difficulty  of 
recognizing  duplications  by  faulting  in  n  forma¬ 


tion  of  such  uniform  character.  Koith  has 
estimated  the  thickness  in  the  Bingham  dis¬ 
trict  at  8,000  to  10,000  feet.  Its  ago  as  deter¬ 
mined  by  fossils  in  tho  limestones  interbedded 
with  tho  quartzito  is  upper  Carboniferous 
(Pennsylvanian),  and  it  has  been  correlated 
with  the  Weber  quartzite  of  tho  Wasatch  range. 

LIMESTONES  INTBR11EDDRD  IN  BINGHAM  QUARTZITE. 

The  limestones,  though  of  minor  importance 
from  a  stratigraphic  standpoint,  are  of  great 
economic  importance  on  account  of  their 
relations  to  the  oro  doposits.  The  limestone 
bodies  are  characteristically  lenticular  in  form, 
thinning  and  thickening  along  both  the  strike 
and  dip  and  even  completely  pinching  out,  so 
that  it  is  frequontly  impossible  to  follow  a 
given  bed  for  long  distances  ou  the  surface. 
This  difficulty  is  increased  by  the  abundance 
of  float.  There  are  many  of  theso  lenses  in 
the  quartzite.  Keith  says:  “Almost  any  sec¬ 
tion  where  the  rocks  are  continuously  exposed 
for  a  hundred  ynrds  will  show  one  or  more 
layers  of  limestone  or  calcareous  sandstone.” 
Most  of  the  contacts  of  limestone  and  quartzite 
are  sharp,  but  some  of  them  are  gradual,  tbe 
rocks  merging  through  sandy  layers  or  alter¬ 
nating  layers  of  limestone  and  sandstone. 
Along  the  strike  the  beds  either  gradually 
pinch  out  or  pass  into  sandy  layers  and  finally 
into  normal  quartzite. 

Though  calcareous  layers  aro  not  infrequent 
through  the  formation  the  important  Jordan 
and  Commercial  limestones  occur  in  the  lower 
part,  and  the  Highland  Boy,  Yampa,  and  other 
limestones  possibly  considerably  higher.  It 
has  been  suggested,  though  not  positively 
demonstrated,  that  tho  apparently  highor  beds 
aro  tho  sarno  as  the  lower  and  have  been  forced 
to  their  present  position  by  tho  intrusion  of  tho 
Lost  Chance  monzonito  mass.  It  seems  not 
improbable  that  the  Highland  Boy  and  the 
overlying  limestones  uro  lenses  deposited  at  a 
considerably  highor  horizon  than  tho  Jordan 
and  Commercial  bods. 

Tho  unaltered  limestones  aro  usually  com¬ 
posed  of  gray,  blue,  or  even  nearly  black  strata. 
These  different  colored  beds  are  lenticular  in 
places  at  least,  us  is  especially  well  shown  in  tho 
Yampa  limestone.  In  following  this  limestone 
down  the  dip  in  ruining  operations  the  gray 
limestone  hus  in  part  given  place  on  the  hanging 
wall  to  black  limestone.  As  greater  dip  lS 


,1.  VIEW  OF  BINGHAM  CANYON  IN  1900,  SHOWING  LOCATION  OF  DISSEMINATED  DEPOSITS. 


B.  VIEW  OF  BINGHAM  CANYON  IN  191 1  FROM  SAME  POINT  AS  SHOWN  IN  A 
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^ined  tho  black  limestone  thickens  mid  the 
”flV.  limestone  correspondingly  thins  till  in 
places  it  has  been  almost  wholly  displaced. 

Many  of  the  limestone  beds  are  siliceous,  the 
silica  being  present  cit  her  ns  sand  grains  or  as 
chert.  In  some  beds  the  chert  appears  11s 
small  nodular  masses;  in  other  beds  it  forms 
the  greater  part. 

In  the  vicinity  of  some  of  the  intrusive  masses 
and  in  some  plncos  where  the  intrusive*  are  not 
known  to  bo  in  close  proximity  the  limestones 
have  been  recrystallized  to  white  marble  and 
contain  lime-iron  silicates  in  small  amounts. 
The '’contact  silicates,”  however,  aro  much  less 
abundant  in  this  district  than  in  several  others. 

Tho  following  tables  1  show  the  composition 
of  some  of  the  limestones  and  the  chemical 
changes  resulting  from  their  alteration: 

Aralysa  showing  changes  undergone  by  limestone  during 
vwtamorphuun. 

{Analyst,  W.  F.  Hiltolimnd.) 
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so. . 

(6) 

UnO . 

Trace. 
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3 

5 

1 

27.78 

27.76 

34.30 

.34 

6.09 

6.09 

39.  98 

38.91 

35.  99 

30. 76 

24.28 

25.  91 

a  Approximately. 


'■  Undvtcnniim]. 


•  Xo.  7  tunnel,  Highland  Bov  mine, 
i  We*  drift,  Old  Jordan  mine. 

'•  B  limeatono  from  south  slope  of  West  Mountain, 
41  r«ul  to  Toaelo. 

t  ?j‘Sjidy  mannariztHf  limestone  from  muni;  locality. 
Marble  from  sumo  locality. 

Ihe  lust,  three  analyses  hi  the  table  are  of 
sPccimous  from  the  same  bed  showing  changes 
| :al'  fake  place  during  alteration,  No.  3  being 
altered  and  No.  5  most  altered.  The  first 

’  l .  S.  a«ol.  Survey  Prof.  Paper  28,  pp.  180,  191, 190L 


i  two  analyses  are  of  material  taken  from  oppo- 
i  s't0  °nds  of  n  single  specimen,  the.  “gray”  being 
•  bo  least,  altered.  In  ali  tho  analyses  the 
notable  change  is  the  increase  in  silica,  and  mag¬ 
nesia,  and  the  decrease  in  calcium  and  carbon 
dioxide. 

Although  the  Bingham  quartzite  contains 
many  limestone  und  calcareous  beds,  tho  im¬ 
portant  ones  uro  relatively  few.  Keith  and 
Boutwell  have  mapped  and  described  eight 
limestone  members  and  lentils — the  Butterfield 
limestone,  maximum  thickness  in  tho  district 
about  300  feet;  the  Lenox  limestone,  maximum 
thickness  200  feet;  the  Jordan  limestono  and 
the  Commercial  limestone,  each  with  an  avorago 
thickness  of  about  200  feet;  tho  Highland  Boy 
limestone,  maximum  thickness  about  400  feet ; 
tho  Yninpa  limestone,  maximum  thickness 
about  400  feet,  though  in  most  places  much  less; 
the  Tilden  limestone,  maximum  thickness 
about  300  foot;  and  the  Phoenix  limestone, 
maximum  thickness  300  feet.  Numerous  other 
limestone  lentils,  some  of  which  are  economi¬ 
cally  important ,  are  present.  Most  of  the  mem¬ 
bers  vary  markedly  in  thickness  ulong  both  the 
strike  and  the  dip. 

uetext  nErosiTS. 

'Hie  recent  unconsolidated  deposits  consist 
of  terrace  gravels  and  present  st  ream  doposits. 
Tho  terrace  gravels  are  present  about  tho  huso 
of  the  range  and  extend  into  the  canyons  as 
terraces  on  the  canyon  walls  above  the  present 
stream.  The  latest  deposits  are  those  that  are 
still  being  laid  down  by  tho  streams.  Both 
tho  early  and  tho  present  stream  deposits  have 
been  worked  for  placer  gold. 

INTRUSIVE  ROCKS. 

DISTRIBUTION  AND  CHATIACTKK. 

The  intrusivo  rocks  of  tho  Bingham  district 
uro  intimately  associated  with  tho  ore  deposits 
and  are  therefore  of  especial  importance. 
Ihev  are  of  considerable  uroal  extent  and 
occur  as  irregular  stockliko  bodies,  as  dikes 
and  sills,  and  possibly  as  laccolithie  bodies. 
Tho  two  largest  bodies  in  the  district  are  the 
Bingham  stock,  which  is  near  the  head  of 
Bingham  Canyon  aud  which  contains  the 
main  body  of  Lite  disseminated  ore  (see  PI. 
XXXIV},  and. the  Last  Chance  stock,  which  is 
at  tho  head  of  Carr  Fork  and  which  contains 
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Iho  Last  Chmico  and  other  lead-silver  deposits. 
Thoro  seems  to  ho  no  good  reason  for  consider¬ 
ing  either  of  theso  bodies  as  ft  true  laccolith. 
Tho  Bingham  stock  has  been  exposed  by 
erosion  to  a  depth  of  about  1,500  feet  and  1ms 
been  drilled  to  a  greater  depth  without  show¬ 
ing  any  evidence  that  it  does  not  extend  indefi¬ 
nitely  without  marked  deereaso  in  sizo.  The 
same  is  possibly  true  of  the  Last  Chance  body. 
Within  an  area  of  several  square  miles  oast  of 
theso  main  bodies  are  numerous  smaller  bodies 
of  intrusive  rock,  some  of  which  may  he  lacco- 
litliic  in  character.  North,  northwest,  south, 
and  southeast  of  the  main  bodies  sills,  intruded 
along  tho  stratification  planes  of  tho  sedimen¬ 
tary  rocks,  can  he  traced  more  or  less  continu¬ 
ously  for  long  distances.  In  tho  vicinity  of 
the  main  intrusive  masses  numerous  dikes  cut 
the  sedimentary  rocks. 

COMPOSITION. 


Tho  intrusive  rock  in  different  localities  dif¬ 
fers  considerably  both  in  texture  and  in  min¬ 
eral  and  chemical  composition.  Moreover,  in 
certain  areas,  especially  in  the  Bingham  body, 
it  has  been  so  altered  that  its  original  character 
is  largely  obscured.  The  rock  is  of  medium 
composition  and  may  be  classed  as  monzonito, 
though  in  many  places  it  contains  sufEciont 
quartz  to  warrant  calling  it  quart/,  monzonito, 
and  in  others  it  is  distinctly  dioritie.  In  many 
places  the  gradation  from  one  type  to  another 
can  he  directly  traced,  and  (here  can  be  little 
doubt  that  all  the  intrusives  were  derived  from 
a  common  magma. 

The  general  composition  of  the  intrusives  of 
tho  district  has  been  described  by  Keith  1  ns 
follows: 


Two  general  lithologic  varieties  of  “monzonito"  arc* 
soon.  The  principal  ono  is  typified  by  tho  great  masses 
between  Carr  Fork  and  Bingham  Canyon  and  consist*  of  a 
mnitrive  holocrystalline  rock  of  medium  grain  amt  dark 
color.  The  other  appears  in  many  of  the  smaller  dikes 
and  sills,  as  at  tlio  hortune  and  Zelnont  mines,  and  con¬ 
sists  of  a  coarsoly  porphyritic  rock  of  gray  color.  Tho 
lat  lor  are  directly  connected  with  the  former  at  the  surface 
and  in  tho  wma  rock  miu*.  Butween  those  two  extremes 
thoro  are  sundry  facie*  of  texture. 


Tho  monzonito  is  usually  a.  dark  gray,  brown,  nr  Idack 
rod;,  whose  aurfr.cee  weather  gray  or  rusty  browu.  The 
pray  aspect  is  due  to  the  feldspar,  especially  iu  the  por¬ 
phyritic  varieties,  and  increases  with  the  amount  of  that 
mineral,  while  t  lie  darker  colors  nro  caused  bv  the  hiotito 


1  Keith,  Arthur.  Inscriptive  rri'tonr  ollUo  lUnr.hara  iultii»K  district 
uiuli:  t  s.  <Vol.  Survey  l’rof.  1‘ipsr  38,  p,  51,  ism. 


lion-blende,  and  augite  A  msty  and  brown  appearance 
(  is  often  caused  by  the  oxidation  of  the  iron-bearing  min¬ 
erals,  while  decomposition  of  the  feldspars  in  other  places 
give*  a  whitish  surface  to  the  rock.  The  monzonitc  is 
composed  principally  of  feldspar,  with  biotite,  hornblende 
augito,  and  quartz.  All  of  these  may  appear  in  one  nick, 
or  the  feldspars  may  occur  with  any  combination  of  the 
others.  As  a  rule,  the  orthoelase  feldspars  are  numerous; 
in  places,  however,  plagioda.se  feldspar  prevails  and  the 
rock  has  a  dioritie  fades.  Quartz  is  rarely  seen  iu  the 
baud  specimen,  but  appears  frequently  in  the  thin  sec¬ 
tion.  It  varies  considerably  in  amount,  and  in  places  its 
quantity  is  sufficient  to  gi  vc  the  rock  a  decided  resemblance 
to  granite.  In  the  porphyritic  varieties  small,  corroded 
phenocrysts  of  quartz  are  sometimes  to  be  seen.  Usually, 
however,  quartz  is  not  a  prominent  constituent  of  the  rock, 
Besides  the  principal  constituents,  feldspar,  biotite,  horn¬ 
blende,  arid  augite,  and  the  minerals  of  the  metalliferous 
deposits,  thero  are  few  coarse  minerals  to  be  seen  in  the 
mon/.onite.  Magnetite,  pyrite,  and  chalcopyrite  oro 
found  in  small  grains  and  are  widely  distributed  through 
the  rock.  One  or  more  of  them  is  found  in  every  thin  sec¬ 
tion.  Epidote  appears  hero  and  there,  but  very  sparingly. 
A  little  secondary  calcite,  chlorite,  and  muscovite  are  also 
found.  The  composition  of  the  rock  is  simple,  and  prac¬ 
tically  all  of  the  minerals  are  visible  to  the  eye  in  one 
place  or  another. 

In  the  mouzonite  porphyry  two  generations  of  minerals 
are  found — (1)  the  porphyritic,  in  crystals  from  one-eighth 
to  one-half  inch  long,  and  (2)  the  groundraass,  of  granular 
nature,  iu  which  the  crystals  range  from  one-eighth  of  »c 
inch  down  to  microscopic  size.  Feldspar  and  biotite  are 
the  minerals  which  usually  compose  the  phenocrysts. 
Pyroxene  is  much  less  common  than  tho  other  minerals 
either  in  the  phenocrysts  or  in  the  groundmaso  One 
section  shows  phenocrysts  of  quartz,  which  are  very  un¬ 
common.  Phenocrysts  of  orthoclaso  are  conspicuous  in 
the  porphyry  north  of  the  Fortune  mine.  In  tho  ground- 
mass,  however,  both  orthoelase  and  plagioclase  feldspam 
are  usually’  present.  Porphyritic  biotite  characterizes  the 
bodies  of  tho  formation  south  of  Telegraph  and  Niagara 
mini*.  This  variety  of  tho  mouzonite  porphyry  is  a!*o 
marked  by  a  very  fine  grain,  most  of  the  minerals  being 
of  microscopic  size.  This  rock  when  fresh  is  of  light-gray 
color,  and  underground  it  is  very’  dilRcult.to  distinguish 
it  irom  the  quartzito  and  the  cherty  marble.  On  the  sur¬ 
face,  also,  the  same  difficulty  is  encountered,  ior  the 
porphyry’  weathers  in  fine,  structureless  fragments  that  are 
remarkably’  like  the  limestone  and  quartzite.  It  very 
closely  resembles  tho  weathered  siliceous  marble  and 
quartzite,  and  ouly  by  the  more  or  lees  bleached  crystal* 
of  hiotito  can  the  porphyry  be  distinguished  from  the 
other  rock». 

The  fine-grained  monzonite  is  not  confined  to  the  two 
localities  al«>ve  mentioned  but  is  often  to  be  seen. hew 
the  contort  oi  tho  mouzonite  with  tho  other  formations, 
in  tho  smaller  intrusive  bodies,  acd  even  in  the  large 
maises.  Tho  smaller  portions  are.  not  always  character¬ 
ized  by  this  fine  grain,  however,  but  frequently  are  com¬ 
posed  of  monzonito  porphyry  of  coareor  grain  than  that 
seen  iu  some  of  the  largest  masses.  The  groat  body  of 
monzonite  surrounding  the  Last  0 banco  mine,  for  instance, 
contains  no  rock  so  coarse  ns  that  which  is  found  in  the  nar- 
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n>*siil  that  passes  through  tho  Fortune  mine  or  :>s  that 
whirb  ippeare  in  one  or  two  of  the  narrow  dikes  at  t  he  head 
of  Carr  Fork  and  Ton  etc  Canyon.  In  a  general  way.  how¬ 
ever,  it  seems  clear  that  tho  formation  is  coarser  in  the 

eastern  bodies. 


METAMORPHISM. 


entirely  of  orthoclaso.  Many  nugite  crystals 
»'>ve  been  partly  altered  to  a  light-green, 
slightly  pleochroic  amphibole  aud,  where  alter, 
atmn  has  progressed  slightly  farther,  partly  to 


Character. — That  the  rock  of  tho  Bingham 
stock  has  been  highly  altered  lias  not  been 
imi  vers  idly  recognized.  Some  men,  who  are 
thoroughly  familiar  with  the  rock,  which  con¬ 
stitutes  the  disseminated  ore,  maintain  that  it 
shows  no  important  alteration  except  that  due 
to  surface  waters  or  to  weathering  and  that  the 
primary  ore  and  gangue  minerals  are  original 
crystallizations  from  the  magma.  This  belief 
has  also  found  expression  in  the  literature  of 
the  district,1  although  it  was  advanced  before 
the  extent  of  the  disseminated  ores  had  been 
fully  recognized. 

This  hypothesis  is  by  no  means  without  foun¬ 
dation  and  may  appear  very  natural  on  super¬ 
ficial  examination.  Microscopic  and  chemical 
study  and  field  evidence  seem  to  the  writer, 
however,  fully  to  justify  Boufcwell’s  con¬ 
clusion1  that  the  rock  has  suffered  exten¬ 
sive  hydrothermal  alteration,  and  that  to  this 
(he  primary  mineralization  is  duo. 

The  entire  Bingham  stock'  seems  to  have 
been  affected  by  the  alteration,  and  it  is  there¬ 
fore  impossible  positively  to  determine  its 
onginal  character.  Study  of  the  less  altered 
portions  and  of  tho  field  relations  indicates 
that  tho  original  rock  did  not  differ  mate¬ 
rially  from  that  of  the  Lust  Chance  and  other 
bodies  in  the  area.  The  main  differences  arc 
probably  duo  to  secondary  alteration. 

The  freshest  rock  of  tho  Lust  Chance  body  is 
composed  of  orthoclnse,  plagioclase,  augite, 
n»d  biotite,  rather  abundant  magnetite,  or 
*une  magnetic  iron  mineral,  small  amounts  of 
“Petite  and  rutile,  and  a  few’  crystals  of  zircon, 
e  plagioclase  feldspars  vary  in  composition, 
ut  are  all  acidic,  none  being  observed  more 
•sic  than  andesine.  Many  crystals  of  twinned 
P  “gioclase  are  surrounded  by  a  graphic  inter- ) 
Pwyth  of  two  untwinned  feldspars  with  djffer- 
n  indexes,  both  lower  than  that  of  the  central 
JbP  kuch  intergrowths  are  also  present 
^,e  central  core  of  plagioclase.  Other  ' 
_ ^  un twinned  feldspar  are  composed  1 

'  Kutlli,  ArUiur,  op.  di.  n  U 

Hattuifl  ]  u  v-  ] 

u  •  «  ’  c-olcwy  altbo  Mnghani  mining  district, 

•  *«il.  Survey  Crof  t’Hp.  riK,  p.  iri,  NOS.  > 


■  Tho  orthoclnse  is  slightly  clouded  with  an 
j  undetermined  mineral,  which  possibly  marks 
,  the  beginning  of  sericitization.  Where  altera- 
,  turn  is  more  intense  the  plagioclase  contains  a 
'  ?.  .  eP'(f°te  "od  in  some  specimens  a  little 
;  bl0tite-  Biotite  usually  shows  little  altera-* 
,  tion,  but  in  some  specimens  a  little  epidote 
i  has  developed  along  cleavages  and  in  manv 
others  a  little  carbonate. 

In  the  Bingham  stock  two  distinct  types  of 
rock  or  ore  are  probably  due  to  differences  in 
the  intensity  rather  than  in  the  character  of 
tho  alteration.  These  are  recognized  in  tho 
oro  as  the  dark  “porphyry”  and  the  light 

porphyry”  and  may  well  he  described  under 
these  heads,  though  every  gradation  between 
these  types  may  be  found. 

DarJc  '‘porphyry" — The  typical  dark  “por¬ 
phyry”  is  a  dark  brownish  gray  mottled  rock. 
The  dark  minerals  are  grouped  iu  irregidar 
areas  that  give  much  of  the  rock  a  porphyritic 
appearance.  Biotite,  feldspar,  and  sulpirides 
are  tho  only  minerals  that  can  he  readily 
recognized  in  tho  hand  specimen.  In  tho 
extreme  type  this  rock  has  a  rather  uniform 
dark-brown  color,  which  is  duo  to  the  abun¬ 
dance  of  biotite  and  especially  to  its  presence 
on  fractures  along  which  the  rock  breaks.  The 
microscope  shows  that  the  biotite  is  the  only 
original  mineral  that  has  not  undergone  marked 
alteration  and  that  in  some  specimens  even 
the  biotite  has  been  altered.  The  pyroxene 
1  and  hornblende  of  the  original  rock  have 
with  few  exceptions  been  entirely  altered,  the 
areas  occupied  by  these  minerals  being  occu¬ 
pied  by  irregular  masses  of  small  biotite  foils. 
(See  PI.  XVI,  A,  p.  Ido.)  Some  of  thepheuo- 
crysts  of  original  biotite  have  been  attacked  and 
tho  biotite  redoposited  as  small  foils.  The 
plagioclase  crystals  are  represented  by  areas  of 
sericite  and  quartz  and  iu  some  specimens  by 
biotite.  The  orthoclnse  crystals  show  rela¬ 
tively  slight  alteration,  but  neurly  all' of  them 
contain  some  sericite  and  some  of  them  biotite 
and  in  more  advanced  stages  of  alteration  they 
are  partly  replaced  by  secondary  orthoclaso 
in  small  crystals.  Magnetite,  which  is  rather 
abundant  in  the  fresh  rock,  is  absent  in 
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extensively  altered  rock.  In  much  of  the 
altered  rock  small  irregular  crystals  of  rutile 
are  rather  abundant.  The  secondary  biotito. 
which  is  the  characteristic  mineral  of  the 
dark  "porphyry,’’  differs  from  tho  original 
biotito  in  being  in  small  foils  and  in  being 
distinctly  lighter  in  color,  ranging  from  uu 
olive-green  with  pleochroism  in  varying  inten¬ 
sity  to  light  brown  with  pleochroism  much 
-less  pronounced  than  that  of  the  original  mica. 

Where  alteration  has  been  relatively  intense 
the  original  biotite  phcnocrysts  have  been 
entirely  altered,  and  the  secondary  mica, 
instead  of  occupying  approximately  tho  area 
of  tho  mineral  from  which  it  was  formed,  is 
disseminated  lather  uniformly  through  the 
mass.  Granular  quartz  and  clear  unaltered 
octhoclase,  evidently  hoth  secondary,  occur 
in  places.  Sulphides  are  disseminated  irregu¬ 
larly  through  the  rock. 

Lvjht  11  porphyry." — 1 The  light  “porphyry” 
is  a  light-gray  rook  in  which  pheuocrysts  of 
feldspar  and  grains  of  sulphide  can  be  recog¬ 
nized  in  the  hand  specimen.  Under  the 
microscope  it  is  seen  to  be  composed  of  pheno- 
crysts  of  feldspar  and  some  crystuls  of  altered 
biotite  in  a  fine  granular  groundmass.  (See 
PI.  XVI,  B,  p.  165.)  The  original  pbenocrysts 
of  feldspar  are  orthoelase,  and  all  of  them  con¬ 
tain  numerous  foils  of  scricite,  which  in  many 
is  very  abundant.  Other  areas  are  composed 
of  n  felted  mass  of  sericite  that  may  represent 
altered  plngiocluse  crystals.  The  few  mica 
pheuocrysts  ure  largely  bleached  to  a  colorless 
mica  but  contain  small  lenses  of  brown  mica 
showing  their  derivation  from  biotite.  Tho 
groundmass  winch  forms  a  large  percentage 
of  the  rock  is  composed  of  a  fine  granular 
intergrowth  of  clear  orthoelase  and  quartz 
with  some  foils  of  sericite.  In  many  speci¬ 
mens  this  granular  groundmass  embays  the 
orthoelase  crystals  and  extends  along  frac¬ 
tures  and  eleuvages;  there  can  be  no  doubt 
that  tho  orthoelase  phenocrysts  are  being 
altered  to  material  of  tho  character  of  tho 
grouudmass,  mid  it  is  but  natural  to  conclude 
that  tho  feldspar  of  the  groundmass  represents 
in  part  an  alteration  of  the  earlier  feldspar 
of  tho  rock. 

The  rock  is  cut  by  small  veinlets  composed 
of  quartz  or  quartz  and  orthocluse  and  grains 
of  sulphide,  Tho  larger  veinlets,  which  are 
very  abundant  in  many  places,  are  composed 


of  quartz,  so  far  as  observed,  but  many  of  the 
small  veinlets  contain  much  orthoelase.  There 
is  no  known  dilTerencc  in  the  age  or  occurrence 
of  these  veins,  and  there  is  doubtless  every 
gradation  from  one  to  the  other. 

The  original  sulphides — pyritc  aud  chal- 
copyrite  with  some  bornite — are  disseminated 
through  the  rock  and  are  present  in  the  veins 
where  they  have  usually  been  the  latest 
minerals  to  form,  filling  the  spaces  between 
quartz  crystals. 

Molybdenite  in  small  flakes  is  disseminated 
through  the  rock  in  many  places,  and  in  a  few 
it  is  rather  abundant  in  voinlcts,  where  it 
crystallized  in  part  earlier  than  the  quartz. 

A  light-colored  type  of  “ porphyry ”  con¬ 
taining  numerous  crystals  of  a  yellow  mica¬ 
ceous  minerul  is  seen  under  tho  microscope  to 
bo  highly  serialized.  The  yellow  crystals  are 
biotite  that  has  been  bleached  to  a  nearly  color¬ 
less  mica,  probably  muscovite  filled  with  yellow 
grains  of  rutilo.  Though  some  of  the  fresh 
mica  contains  inclusions  of  rutile,  none  of 
them  were  observed  to  contain  them  so  abun¬ 
dantly  as  the  altered  grains,  and  it  is  probable 
that  the  rutile  has  resulted  in  part  at  least 
from  the  alteration  of  the  mica  or  of  included 
jlmenito.  These  micaceous  flakes  were  noted 
especially  in  (ho  so-called  “Pay  Roll’'  porphyry 
and  are  said  to  be  rather  typicul  of  this  part  of 
the  altered  area.  They  are  less  abundant, 
however,  in  specimens  from  other  locations. 

Tho  typical  changes  that  have  taken  place 
in  the  mineral  composition  of  the  rnonzonite 
during  alteration  ure  the  almost  or  complete 
alteration  of  uugito,  hornblende,  plagioclase, 
and  magnetite,  and  the  partial  alteration  of  the 
orthoelase  and  biotite  to  sericite,  secondary 
biotite,  quartz,  aud  secondary  orthoelase.  In 
the  dark  porphyry  the  secondary  biotito  is 
abundant  and  the  secondary  orthoelase  has 
been  little  developed.  In  tho  light  porphyry 
biotite  is  of  slight  importance  and  secondary 
orthoelase  and  quartz  make  up  u  largo  part 
of  tho  rock. 

Alteration  vsar  lead-silver  veins. — The  altera¬ 
tion  of  the  rirck  adjacent  to  the,  lead-silver 
fissures  is  in  a  general  way  similar  to  that  of 
the  Bingham  stock,  though  it  extends  but  ft 
short  distance  from  tho  fissure.  In  the  incipi¬ 
ent  stages  of  alteration  opidote  and  colcite  or0 
relatively  abundant  and  the  more  intenseJj 
altered  rock  immediately  adjacent  to  tno 
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fissures  is  composed  of  felted  areas  of  scricite, 
probably  representing  feldspar  phcnocrysts, 
partly  serialized  nn twinned  feldspar  of  the 
criminal  ground  mass  and  a  secondary  ground- 
mass  composed  of  n  granular  intergrowth  of 
ortboclase  and  quartz. 

Much  of  the  sericit ic  minerul  is  light  brown 
und  has  a  rather  faint  pleochroism,  indicating 
that  it  is  not  pure  muscovite.  If  utile  is  rather 
abundant.  The  rock  is  cut  by  small  veirdets 
composed  of  quartz  mul  orthoclaso,  many  of 
which  seem  to  merge  into  the  secondary  ground- 
moss.  In  t  ho  veinlets  the  orthoclase  completed 
its  crystallization  later  than  the  quartz  and  is 
commonly  interstitial.  The  opposite,  how¬ 
ever,  is  true  in  much  of  the  groundmass,  the 
quartz  cryst  als  including  well-formed  crystals 
of  orthoclase.  The  older  generation  of  feld¬ 
spars  are  boing  attacked  and  worked  over  into 
a  granular  mass  similar  to  that  of  the  ground- 
mass.  This  rock  in  advanced  stages  of  altera¬ 
tion  is  similar  in  silicate  mineral  composition 
to  tho  light  "porphyry”  copper  ore. 

The  chemical  and  mineralogic  changes  due 
to  alteration  are  further  discussed  on  page  164. 

EXTRUSIVE  ROCKS. 

The  extrusive  rocks  of  the  Bingham  dis¬ 
trict  occur  only  along  the  desert  valley  border¬ 
ing  the  Oquirrh  Range  and  aro  not  known 
to  be  of  economic  importance.  Keith1  has 
described  the  formation  as  follows: 

Moat  of  thy  formation  constats  of  rnasaivo  or  porphyritic 
•julesitca.  Large  masses  of  the  breccia  nro  seen,  however, 
in  the  exposures  near  tho  Oquirrh  Mountains.  The  rock 
of  the  andesite  group  seems  to  have  been  deposited  as  an 
overflow  upon  an  existing  surface.  Its  contact,  with  the 
Carboniferous  rocks  is  almost  invariably  covered  with 
k>o$e  quartzite  wash,  so  that  its  exact  nature  baa  not 
beea  determined.  At  certain  points,  for  instance,  near 
Dalton  and  Lark  mine,  it  appears  to  cut  across  the  edges 
cl  the  quartzite  like  a  dike.  Half  a  mile  farther  north  n 
»fflilar  but  leas  definite  arrangement  is  seen.  Usually, 
however,  the  andesitic  rocks  occupy  low  ground  around 
and  between  the  quartzites,  as  if  deposited  in  previously 
formed  hollows.  Possibly  the  mass  at  tho  Dalton  and 
ark  mine  occupies  one  of  the  vents  through  which  came 
*  bulk  of  the  formation.  It  is  equally  possible  that 
hriaiede  arrangement  ie  due  to  subsequent  faulting, 
u 6  .^deaitea  are  usually  fine  or  medium  grained 
or  dark  color.  Exposure  and  disintegration  produce 
•  tight  or  dark  gray  color  through  tlio  alteration  of  the 
■pui.  In  moat  places  the  rock  has  a  porphyritic 
Whi^e  this  is  seldom  conspicuous,  occasionally 

1  Keith,  Arthur,  op. cil.,  p.  5S. 
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the  phenocrysta  are  coarse  and  large,  as,  for  instance, 
one-half  mile  northeast  and  east  of  Fortune  mine. 

1  he  principal  minerals  of  tho  andesite  are  plagioclase 
midspar,  green  hornblende,  augite,  and  biotit*.  Besides 
these  there  are  small  am.  ints  0f  quartz,  orthoclase, 
magnetite,  pyrite,  and  chlorite.  Of  these  minenta  the 
plagii .  L  -o,  hornblende,  and  angitu  appear  ns  phenocrysta. 
Tho  feldspar  usually  forms  stubby  crystals.  In  one 
instance  (he  crystals  are  slim,  with  a  somewhat  opkitic 
structure.  The  hornblende  and  augite  form  irregular  and 
piPehy  crystals.  The  same  minerals  appear  in  thogrmmd- 
mata  in  very  fine  grains  and  crystals.  Chemical  examina¬ 
tion  indicates  an  approach  to  latite  in  composition. 

Portions  of  the  formation  consist  of  andesi'e  fragments, 
less  than  a  foot  in  diameter,  nmlxiddod  in  a  matrix  of 
andesite.  Tho  fragments  aro  of  ahotit  tho  same  com¬ 
position  as  tho  matrix  and  probably  result  from  the  partial 
solidification  and  breaking  up  of  the  lava  ns  it.  flawed.  In 
this  respect  they  differ  little  from  some  of  the  moruonite 
contact  breccias,  but  are  quite  unlike  other  breccias 
shown  in  the  mountains,  where  tbemonaonito  was  crushed 
by  faulting  movements  that  took  place  long  after  its 
intrusion. 

In  tho  vicinity  of  Load  miue  one  of  these  breccias  rests 
upon  a  surface  of  decayed  andesito  and  soil.  From  this 
it  is  evident  that  one  brecciatcd  flow  followed  an  interval 
of  exposure  to  erosion.  Tho  lapse  of  time  shown  thereby 
was  probably  not  great.  *  *  *  Apparently  they  con¬ 
form  nearly  to  the  present  surface  and  have  not  been 
greatly  eroded  sinco  their  formation.  Thus  is  furnished 
a  probability  of  their  recent  origin, 

RELATIONS  A1TD  AGE  OF  TEE  IGNEOUS  ROCKS. 

The  intrusive  and  extrusive  rocks  have  no¬ 
where  been  found  in  contact  in  a  manner  that 
furnishes  conclusive  evidence  ns  to  their 
relative  ages,  Tho  extrusive  rocks  lie  against 
the  range  in  a  manner  which  suggests  that 
they  flowed  against  it  after  it  had  been  eroded 
to  approximately  its  present  form.  If  this  be 
true  they  are  distinctly  later  than  the  intru¬ 
sive  rocks.  In  the  Tintie  district  hi  tho 
southern  extension  of  tho  Oquirrh  Range  it  hus 
been  shown  that  iutrusive  arid  extrusive  rocks 
of  essentially  the  same  character  ns  those  at 
Bingham  are  contemporaneous  in  age  and  the 
same  may  hold  true  at  Bingham.  The  writer 
knows  of  no  positive  evidence  to  show  that  the 
intrusive  are  older  than  the  extrusive  rocks. 

Owing  to  the  absence  of  sedimentary  rocks 
later  than  the  Carboniferous  (except  tho  recent 
sediments)  it  is  not  possible  to  determine 
directly  the  age  of  the  igneous  rocks  except 
that  they  are  post-Carhoniferous.  The  marked 
similarity  of  the  lavas  to  those  in  other  sections 
of  tho  State,  however,  leads  to  tho  belief  that 
they  are  of  essentially  the  same  ago.  If  this 
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correlation  is  correct  they  arc  of  TertLar}  ago. 
(Sco  p.  99.) 

BTHTJCTTTRE. 

Both  folds  and  faults  arc  important  struc¬ 
tural  features  of  tho  Bingham  district.  Joints 
and  fissures  are  economically  important,  and 
joints  are  important,  in  determining  tho  ra¬ 
pidity  with  which  the  formations  wore  eroded. 

FOLDS. 

The  folding  in  the  district  has  boon  described 
by  Keith  1  as  follows: 

The  folds  exhibited  are  of  t«MWls,  bread  open  flexure* 
whose  dips  persist  for  miles,  rlflHali  rolls,  whoso  dimen¬ 
sions  ore  measured  by  a  few  hsjBvd  foot.  Of  the  former 
elnss  only  one  appears  within  The  Bingham  district  a 
synclinal  fold  whose  axis  passes  in  a  northwest  direction 
just  below  tho  mouth  of  Carr  Fork.  On  the  southwest 
sido  oi  the  axis  the  rocks  dip  toward  tho  north  and  on  the 
northeast  sido  they  dip  toward  tho  wivt.  Thus,  tliey 
constitute  a  ford  which  pitches  toward  tho  northwest  and 
brings  to  the  surface  successively  younger  beds  in  that 
direction.  On  account  of  this  pitch  the  oldest  Carbonif¬ 
erous  strata  of  the  district,  which  appear  in  Butterfield 
Canyon,  aro  not  exhibited  in  any  other  part  of  the  district 
but  aro  overlaiu  elsewhere  by  Tho  younger  quartzites  and 
limestones  in  tho  order  of  their  deposition.  Thus,  the 
youngest  rocks  shown  within  tho  area  of  tho  map  aro  thcee 
appearing  north  and  northeast  of  Markham  Peak.  The 
synclinc  which  passes  near  Carr  Fork  might  well  bo  called 
the  Bingham  synclino.  Tho  anticline  corresponding  to 
it  is  seen  in  the  upper  part  of  Butterfield  Canyon.  4  *  * 
This  has  the  same  northwestward  pitch,  so  that  the  forma¬ 
tions  on  its  west  side  dip  approximately  westward  and 
parallel  the  line  of  the  Oquirrh  Mountains  from  Butterfield 
Canyon  southward.  Similar  largo  folds  characterize  the 
Oquirrh  Mountains  throughout  their  extent,  and  their 
axes  have  approximately  tho  same  northwestern  trend  and 
pitch.  Theso  folds  were  produced  during  tho  first  known 
deformation  of  the  region,  hv  compression  iu  a  northeast- 
southwest  direction.  By  them  tho  uplift  of  the  region  was 
initiated  and  to  them  is  duo  tho  greater  part  of  tho  actual 
uplift. 

Tho  folds  of  tho  second  order,  which  aro  recognized  in 
the  different  mines  under  tho  term  “  rolls,”  are  not  so 
clearly  of  this  origin.  They  seldom,  affect  tho  outcrop  of 
the  formations  but-  have  been  observed  in  several  mines 
in  working  out  tlio  ore  bodies  and  the  contacts  of  lime¬ 
stone  a ud  quartzite.  They  aro  local  warpings  iu  a  gen¬ 
eral  plane  of  dip  rather  than  well-defined  folds  with  dips 
in  opposite  directions.  Tho  dips,  winch  arc  reversed  or 
contrary  to  the  prevailing  dip  in  the  locality,  are  usually 
▼ory  slight  and  lmrdly  more  than  flat.  In  the  Niagara 
mino  a  roil  has  been  worked  out  along  an  ore  body.  The 
average  dip  iu  tho  locality  i3  30°  N,,  but  for  a  width  of  a 
few  feet  north  and  south  of  tho  roll  this  is  replaced  by  a 
■light,  nearly  Cat  dip  to  tho  south. 

These  minor  folds  appear  fo  ho  somewhat  complicated 
by  faults  and  oro  associated  with  them.  It  is  possible 


I  tbs-t  they  aro  in  port  due  to  dislocation  along  fault  planes. 
As  tho  different  blocks  of  the  earth's  crust  moved  past  one 
another  they  were  undoubtedly  more  or  less  dragged,  ono 
upon  the  other.  Unices  I  ho  faults  were  absolutely  parallel 
in  plane,  when  motion  took  place  there  would  he  a  certain 
amount  of  wedging  together  and  compression  of  some  of 
the  fault  blocks.  This  might  readily  have  caused  local 
folds  of  this  order.  That  such  is  the  case,  however, 
cau  not  be  definitely  stated . 

A  minor  fold  or  "roll"  in  tho  workings  of 
the  Old  Jordan  mino  is  ascribed  by  Boutwell ! 
to  striko  faulting.  In  places  "rolls”  aro  un¬ 
doubtedly  accompanied  by  strike  fuulting,  but 
in  other  places  they  scorn  to  bn  simply  a  local 
"buckling"  of  tho  beds,  which  in  ono  direc¬ 
tion  may  pass  into  strike  faulting  and  in  the 
others  into  tho  normal  dip  of  tho  beds.  Many 
of  these  minor  folds  aro  of  prime  economic 
importance. 

FAULTS  AND  H3SUUE3. 

8 urjicial  evidences. — Fissures  and  faults  are 
abundant  in  all  parts  of  the  Bingham  district. 
Many  of  tho  fissures  show  no  mineralization 
and  are  therefore  not  conspicuous,  and  many 
of  those  along  which  there  has  been  movement 
are  hardly  more  evidont,  owing  to  tho  uni¬ 
formity  of  formations  over  considerable  areas. 
These  facts,  together  with  tho  abundance  of 
float  in  the  district,  make  it  exceedingly  diffi¬ 
cult,  and  in  many  places  impossible,  to  locate 
and  trace  on  the  surface  even  the  stronger 
fissures.  In  the  underground  workings,  how¬ 
ever,  they  are  apparent. 

Character. — The  character  of  tho  fractures  in 
the  Bingham  district  diffors  considerably. 
Boutwell3  says: 

Tho  fractures  of  Bingham  vary  widely  in  general  char¬ 
acter.  They  raogo  from  a  network  of  irregular  cracks 
and  zones  of  intense  crushing  to  simple  individual  fissures 
and  zones  of  fissures.  Tho  type  which  most  commonly 
bears  ore  is  a  simple  fissure  characterized  by  a  zone  oi 
finely  comminuted  gouge,  averaging  1  to  4  feet  in  width 
and  inclosed  between  alkkerurided  walls.  ’Alien  such 
fissures  carry  ore,  as  along  portions  of  the  Galena,  Silver 
Shield,  Wimunuck,  Fast  Chance,  and  Montezuma  fissures, 
they  constitute  normal  veins.  Groups  or  zones  of  fissure* 
of  this  type  are  occasionally  encountered.  When  they 
aro  ore-bearing,  as  in  an  instance  on  the  last  Chance 
mine,  British  tunnel  level,  they  constitute  lodes.  This 
characteristic  lode  consists  of  a  zone  oi  crushed,  altered, 
slightly  mineralized  monzonite,  9  to  10  feet  wide-,  lying 
i  between  slickcusided  walls  of  the  same  rock  and  trav¬ 
ersed  by  two  strong  veins  and  a  number  of  minor  seams. 
Thero  are  many  gradations  from  these  two  most  imporlan 
types.  One  of  theso  which  directly  influenced  the  fornia- 
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ti<»n  ci  sonic  °f  tlle  principal  ore  bodies  in  Bingham  tun- 
piiis  of  an  indefinite  series  of  parallel  fracture  planes  or 
Cssnres,  each  of  which,  unlike  those  which  grouped  in  a 
crashed  zone  form  a  lode,  preserve  its  individual  char¬ 
acter,  and  cuts  the  country  in  a  direction  roughly  parallel 
to  (he  strike  end  dip  at.  an  angle  steeper  than  that  ov  the 
beddin"-  A  typical  example  of  this  class  of  fissures  is  in 
(he  Highland  Boy  mine. 

Another  type  of  fracturing  is  exhibited  by  a  complex 
network  of  fracture  planes,  which  occurs  throughout  the 
njon/.onite  mass  in  Copper  Center  Gulch.  So  completely 
has  this  rock  been  thus  broken  up  that  one  is  practically 
unablo  to  obtain  a  liand  specimen  a  few  inches  in  width 
which  does  not  show  these  planes.  This  character  of 
regional  crushing  is  seen  in  quartzite  .along  tho  roadside 
in  Markham  Gulch  below  the  Ben  Butler  and  in  black 
shale  in  the  Bed  Wing  mine.  Again,  single  fissures 
formed  hy  movement  along  contacts  or  between  sedimen¬ 
tary  beds  are  common  and  frequently  carry  ore.  In  the 
Fortune  ore  was  deposited  along  a  plane  of  movement 
between  a  massive  quartzite  and  an  overlying  porphyry 
fill.  In  the  Montezuma  tho  oro  bodies  formed  for  a  por¬ 
tion  of  their  exteut  along  a  plane  of  movement  between 
two  beds  of  black  shale. 

Distribution. — Tho  general  distribution  of 
tho  fissures  is  given  by  Boutwoll 1  ns  follows: 

Fissuring  took  place  in  all  parts  of  this  district  and 
appears  to  have  reached  a  maximum  in  tho  region  about 
the  head  of  Bingham  Canyon,  Muddy  Fork,  and  upper 
Oarr  Fork.  Tho  intense  fissuring  and  faulting  which  char¬ 
acterize  this  region  extend  north  through  ground  opened 
hy  t'no  Last  Chance,  Xast,  Boston  Consolidated,  Ilighland 
Boy,  York,  and  Petro  mines;  south  through  Ashland, 
Albion,  and  Neptune  ground;  and  east  through  Old 
Jordan,  Commercial,  Niagara,  and  Telegraph  ground. 
Tho  crushing,  fracturing,  and  fissuring  which  have  oc¬ 
curred  in  this  general  region  are  beyond  detailed  de¬ 
scription.  Only  a  comparatively  small  portion  of  the 
several  hundred  fissures  observed  underground  are  rec¬ 
ognizable  at  tho  surface.  *  *  * 

Strong  fissures  are  not  limited  in  their  occurrence, 
however,  to  this  particular  area.  Among  the  large  num¬ 
ber  which  have  been  found  north  of  this  locality  are  the 
Midland,  Winaxnuck,  and  Dixon  fissures  in  Main  Bing¬ 
ham  Gulch;  tho  Julia  Dean,  Amazon,  Liboral,  Monte- 
Jama,  Hoogley,  and  Rosa  fissures  in  Markham  Gulch; 
dio  U-and-I  fissure  in  Dixon  Gulch,  and  the  Phoenix, 
Cuomandol ,  and  Cuba  in  lower  Carr  Fork.  Types  of 
liMuros  to  the  south  of  tho  central  locality  may  be 
in  tho  St.  James,  Eagle  Bird,  and  Queen  fissures 
in  brief,  strong  fiasiuing  has  taken  place  throughout  the 
Bingham  district. 

Treiid  and  dip. — *  *  *  In  general  it  appears  that  the 

noted  in  which  no  metallic  contents  wore  observed 
head  toward  all  points  of  tho  compass  in  about  equal  num- 
ra.  If  any  distinct  group  of  fissures  is  indicated  by  these 
****  it  would  appear  that  the  greater  number  trond 
^•■th-northwest,  north,  or  north-northeast— that  is,  be- 
N.  23®  E,  and  X.  20°  W.  The  observed  fissures 
*  >rh  inclose  some  metal,  but  Insufficient  to  pay  for 
trend  with  a  few  known  exceptions  northeast- 


southwest.  And  far  tho  greater  portion  of  thrso  lie  lw- 
tween  N.  5°  and  43°  E.  Finally,  over  84  per  cent  of  tho 
observed  fissures  known  to  carry  pay  oro  trend  northeast- 
southwest,  ranging  between  N.  5°  and  43°  E.  Among 
them  aro  included  the  Montezuma,  Erie,  Dixon,  St. 
Janies,  Colorado,  Neptune,  Spiritualist,  I.ast  Chanco,  Sil¬ 
ver  Shield,  U-and- J,  Tiewaukee,  Ferguson,  and  Nast  lodes. 
Thcso  mentioned  from  the  Colorado  to  the  Nast,  inclusive, 
trend  between  N.  39®  and  46°  E.  Among  tlm  very  small 
number  of  exceptions  to  the  prevailing  northeast  trend  of 
pay  lodes  are  the  Phoenix,  Daylight-Extension,  Wina- 
inuck,  llooglcy,  and  Midland.  In  brief,  of  the  cases  ob¬ 
served,  the  barren  fissures  display  no  distinct  trend,  the 
pcorly  mineralized  fissures  and  tho  pay  lodes  with  very 
few  exceptions  trend  northeast-southwest. 

Tho  measurements  of  dips  indicato  that  of  those  ob¬ 
served  far  the  greater  portion  of  tho  barren  fissures  dip 
toward  the  northwest,  that  a  little  more  than  80  per  cent 
of  the  poorly  mineralized  fissures  dip  toward  tho  north¬ 
west,  and  that  over  So  per  cent  oi  tho  pay  lodes  dip  toward 
tho  northwest.  Very  fow  gently  dipping  slips  or  fissures 
wero  found.  Over  90  per  cent  of  tho  pay  lodes  observed 
dip  between  45®  nnd  90°.  In  brief,  tho  prevailing  dip  of 
l»th  barren  and  mineralized  fissures  observed  is  toward 
the  northwest,  and  the  prevailing  degrees  of  dip  noted  aro 
irom  45°  to  90°. 

Age. — Tho  relative  dates  of  fissuring  are  dis¬ 
cussed  by  Boutvvell 3  as  follows: 

*  •  *  Although  the  ovidonco  is  not  complete  nor 
without  apparent  slight  contradictious,  it  clearly  indicates 
that  fi&suring  occurred  at  distinct  periods  before  and  after 
the  deposition  of  ore.  *  *  * 

Tho  facts  indicate  that  the  principal  fissuring  occurred 
after  intrusion;  that  extensive  fissuring  in  northeast- 
southwest  (and  north-south)  directious  preceded  tho  depo¬ 
sition  of  tho  principal  lead  and  silver  ores;  that  tiorno 
fissuring  probably  occurred  on  east-west  (northwest-south¬ 
east)  planes  before  the  deposition  of  the  copper  ores;  that 
iaulting  along  northwest-southeast  and  cast-west  planes 
followed  tho  deposition  of  tho  main  copper  ores,  nnd  that 
pronounced  movement  on  northeast-south  west  (and  north- 
south)  planes  followed  both  tho  northwest  southeast  fault¬ 
ing  and  tho  deposition  of  lead  and  silver  and  copper  ores. 
In  brief,  fissuring  occurred  successively  in  northeast- 
southwest  (east-west),  northwest-southeast,  and  northeast- 
southwest  directions  in  at  least  three  distinct  periods. 

Most  of  the  Assuring  evidently  occurred  after 
the  intrusion  of  the  monzonif.o,  and  the  min¬ 
eral-bearing  fissures  wero  probably  formed 
very  shortly  after  the  instrusinn.  How  much 
later  the  subsequent  fissures  wero  formed  is 
uncertain. 

Displacement.—' The  displacements  have  been 
discussed  by  Boutwell,3  as  follows. 

«  #  o  They  include  faults  trending  with  tbo  strike 
of  the  sediments  and  trending  with  and  oblique  to  the  dip; 
faults  trending  transverse  to  tho  striko  and  dipping  in 
either  direction;  faults  whose  probable  inclination  departs 


•  ldem.p.  130, 


>  Idem,  p.  138. 
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ouly  slightly  from  the  horizontal;  faults  trending  with 
the  ecrikn  and  others  trending  with  the  dip  in  which  dif¬ 
ferential  movement  of  a  torsional  character  occurred. 
There  appears  to  have  boon  no  singlo  direction  of  move¬ 
ment.  Neither  docs  any  regular  relation  seem  to  ovist 
between  trend  of  fault  and  direction  of  displacement,  nor 
between  dip  of  fault  and  direction  of  displacement.  I) 
appears  that  displacement  may  be  expected  in  any  direc¬ 
tion;  tliat  there  is  no  constant  relation  l>Ptwt— n  toe  direc¬ 
tion  of  displacement  and  t ho  dip  or  strike  of  a  fault  plane 
and  that,  the  amount  of  displacement  proved  underground 
rarely  exceeds  ir>0  feet  and,  exceptor,  innumerable  minor 
faults,  averages  between  10  and  100  feof. 

It.  Ls  probable  tbat  important  faults  within  this  area 
have  not.  yet.  been  encountered  underground  It  is  be¬ 
lieved  that  in  one  or  two  instances  these  may  include 
types  not  yet  proved  in  Bingham,  but  evidence  concern¬ 
ing  them  is  difficult  to  obtain.  Outside  of  this  district, 
both  to  the  north  and  south,  considerable  faulting  prob- 
ably  occurred,  and  future  shut igmphic study  in  connection 
with  the  general  structure  of  the  Oqtiirrh  Range  will 
probably  reveal  important  and  perhaps  great  faults. 

Extensive  developments  made  since  the  dis¬ 
trict  was  studied  by  Boutwell  have  revealed 
numerous  faults  and  fissures  that  wore  theu 
unknown  and  have  led  to  some  modifications 
of  views  concerning  certain  structures  that 
were  then  only  partly  revealed;  nevertheless, 
Boutwell’s  conclusions  hold  generally  true  for 
the  more  recently  devoloped  areas  as  well  as  for 
those  that  were  accessible  at  the  time  of  study. 

ORB  DEPOSITS. 

The  ore  deposits  of  Bingham,  as  of  most 
districts  of  the  State,  are  of  several  types,  classi¬ 
fied  by  Boutwell  as  veins  (including  lodes), 
bed  deposits,  and  disseminated  deposits.  Many 
deposits  can  be  readily  assigned  to  one  type; 
others  present  characteristics  of  two  types  and 
their  proper  assignment  may  bo  difficult. 

VEINS  AND  LODES. 

Fissuring  occurred  nt  several  periods;  and 
the  strong  northeast-southwest  fissures  were 
the  more  important  ore  bearers,  though  some 
few  fissures  with  other  strikes  were  also  ore 
bearing.  (Sec  p.  355.)  These  fissures  cut  all 
formations,  and  many  of  them  show  different 
characteristics  in  different  types  of  rock.1 
Some  fractures  have  produced  zones  of  in¬ 
tensely  crushed  material  in  quartzite,  irregular, 
anastomosing  fissures  in  limestone,  cleanly  cut 
master  fissures  in  igneous  rocks,  and  may  die  out 
entirely  in  shaly  material.  The  chemical  coin- 

1  Ucufrrollj  J.  M.,  Economic)  geology  of  tho  Hinghain  mining  district: 
U.  S.  Gcol.  Survey  Trof.  Paper  38,  p.  136, 1903. 


position  of  the  different  types  of  rock  lias  also 
variably  affected  deposition  by  the  ore-bearing 
solut  ions,  and  the  churactor  and  size  of  tho  ore 
deposits  have  been  governed  accordingly. 

The  fissures  in  the  intrusive  rocks  being 
relatively  strong  and  clear  cut  and  tho  wall 
rock  relatively  inert  to  tho  action  of  tho  solu¬ 
tions,  tiro  deposits  are  largely  confined  to  the 
fissure  filling.  The  more  readily  shattered 
quartzite  has  produced  less  definite  fissures 
and  consequently  less  well-defined  ore  bodies. 
Tho  combined  effect  of  a  series  of  fissures 
rather  than  a  clean  break  and  a  readily  replaced 
rock  have  resulted  in  tho  strongest  areas  of 
mineralization  in  the  limestone.  Boutwell2 
says: 

Ore  makes  lean  in  siliceous  rocks,  more  plentifully  in 
porphyry,  and  largest  and  richest  in  limestone.  In  that 
portion  of  tho  galana  fissure  which  lies  in  quartzite  under 
tho  Jordan  limestone  load  and  silver  ore  occur  in  relatively 
thin,  small,  tabular  bodies,  but  in  those  portions  of  tho 
same  fissure  which  lie  in  calcareous  rocks,  ore  occurs  in 
relatively  wider  and  thicker  bodies,  as  in  tho  Highland 
Boy  limestone  in  a  small  way  and  in  the  Jordan  limestone 
on  a  grand  scale. 

Veins  in  monzonite  were  found  in  the  Last 
Chance,  Nest,  and  in  part  of  the  Silver  Shield 
where  tho  wall  rocks  have  been  altered  for  a  com¬ 
paratively  short  distance  and  the  ore  is  largely 
confined  to  tho  fissure.  The  alteration  of  the 
wall  rock  consists  of  a  replacement  of  tho  orig¬ 
inal  minerals  by  sericite,  quartz,  and  secondary 
orthoclaso.  The  ores  are  typically  lead-silver 
but  contain  also  gold,  copper,  and  zinc. 

Most  of  tho  silver-load  veins  in  tho  quartzito 
havo  proved  less  productive  than  those  in  the 
monzonite.  Examples  of  such  veins  are  to  bo 
found  in  tho  mines  in  Markham  Gulch,  tho 
Silver  Shield,  and  others.  The  copper  veins 
in  quartzito  (like  those  of  the  Ohio  Copper 
mine)  might  be  placed  with  the  fissure  deposits, 
but  as  they  are  closely  related  to  the  dissemi¬ 
nated  deposits  they  may  well  be  treated  with 
these  deposits. 

Veins  in  limestone  commonly  enlarge  along 
certain  beddings  and  show  a  close  relation  to 
tho  bod  deposits  in  limestones  and  may  well 
bo  discussed  with  them. 

Much  of  tho  ore  in  the  fissures  occurs  in 
more  or  less  clearly  defined  pod-shaped  shoots 
which  change  in  thickness  from  point  to  point 
both  on  tho  dip  and  strike. 


» Ideal,  p.  127. 
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BED  DEPOSITS. 

Tho  bed  deposits  arc  confined  to  the  lime¬ 
stone,  the  ore  bodies  forming  ns  a  replacement 
of  tho  limestone  and  at  many  places  preserving 
the  structure  to  a  marked  degree.  The  ore- 
beitring  fissures  cut  the  limestone  members, 
and  at  the  intersection  of  beds  especially 
susceptible  to  replacement  the  ore  makes  out 
laterally  for  considerable  distances,  forming  bed 
deposits.  The  fissures  themselves  may  or  may 
not  contain  valuable  oro  deposits.  In  the 
more  massive  limestones  some  of  the  largo  ore 
bodies  are  associated  with  faults  that  have 
broken  the  limestone  and  have  thus  rendered 
it  especially  susceptible  to  replacement. 

Generally,  the  large  bodies  of  copper  ore 
have  formed  along  tho  bedding,  as  in  the  High¬ 
land  Boy  and  Old  Jordan  mines,  and  the 
largest  bodies  of  lead-silver  ore  occur  both  as 
replacement  along  the  fissures  and  as  bed 
deposits  along  certain  beds  in  the  limestone. 
Such  bed  deposits  are  present  in  the  Yampa, 
Jordan,  Commercial,  and  other  limestones  of 
the  district. 

Some  of  the  important  copper  deposits  of 
this  character  contain  little  lead,  but  the  lead 
deposits  contain  copper,  and  somo  of  them 
grade  from  oro  in  which  lead  and  silvei  arc 
the  important  metals  to  ore  in  which  copper 
predominates. 

The  primary  ore  minerals  in  the  copper  de¬ 
posits  ore  pvrite,  chalcopyritc,  pyrrho  ti  to,  and 
minor  amounts  of  arsenopyrite,  bomite,  and 
tetrahedrite.  Specularite  is  locally  abundant, 
as  in  portions  of  the  Highland  Boy  mine.  This 
specularite  is  in  part  rather  strongly*  magnetic 
and  doubtless  contains  some  magnetite.  The 
gangue  minerals  are  quartz,  residual  carbon¬ 
ates,  small  amounts  of  garnet,  and  possibly 
other  silicates. 

Hie  primary  ore  minerals  of  the  lead-silver 
deposits  are  galena,  pyrite,  and  minor  sphaler- 
■te,  chulcopyrite,  and  tetrahedrite  in  a  gangue 
of  roaiaual  eaibonate  and  quartz. 

Locally  sericite  is  an  important  gangue 
mineral,  especially  in  the  deposits  in  the  Bing- 
uun-New  Haven  mine,  whero  it  occurs  as  a  soft 

!a  **^0  mineral  with  a  greasv  feel  and  silky 
lustei.  °  ' 

dissemihated  deposits. 

The  disseminated  deposits  of  the  district  are  i 
ae<^  to  the  Bingham  Canyon  stock  and  to  I 

0  iaitacdiately  adjacent  quartzite.  The  in-  j 
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1  tiusive  body  is  mineralized  throughout  its 
extent— much  of  it  sufficiently  so  to  be  ore. 
In  places  the  quartzite  is  similarly  mineralized 
tor  a  short  distance,  and  along  fissured  zones 
for  a  considerable  distance,  from  the  contact. 

This  intrusive  body  and  the  quartzite  have 
been  out  by  innumerable  fissures  that  vary 
greatly'  in  strike  and  dip  and  that  cut  tho  entire 
mass  into  small  irregular  blocks.  So  great  has 
been  this  shattering  that  in  many  places  it  is 
difficult  to  break  out  a  hand  specimen  that  is 
not  bounded  by  these  fractures.  The  oro 
solutions  t  possing  along  those  fractures  have 
altered  the  rock  so  that  its  original  character 
can  not  usually  be  recognized.  (See  p.  851.) 
In  tho  less-altered  portions  the  mineralized 
rock  consists  largely  of  biotito  resulting  from 
tho  alteration  of  the  dark  minerals;  sericito 
and  quartz  replacing  tho  altered  feldspars; 
and  a  granular  grouudmass  of  secondary  quartz 
and  orthoelase  cut  by  veins  of  quartz  and 
orthoclase.  Scattered  through  both  the  veins 
and  altered  rock  are  grains  of  pyrite,  chalco- 
pyrite,  and  small  amounts  of  molybdenite,  A 
very  little  magnetic  material,  obtained  from 
concentrates  from  tho  dark  ore,  appeared  to 
be  magnetite  rather  than  pyrrhotite  and  possi¬ 
bly  represents  unaltered  portions  of  the  original 
magnetite. 

'The  more  highly  altered  rock  is  light  colored 
and  consists  mainly  of  serieitized  feldspar  in  a 
granular  grouudmass  of  secondary  quartz  and 
orthoelase,  which  in  many  places  forms  50  to 
75  per  cent  of  tho  rock.  Veins  of  quartz  and 
orthoclase  are  also  abundant,  most  of  the  larger 
ones  being  wholly  of  quartz,  but  many  of  the 
small  ones  containing  considerable  orthoclase. 
Grains  of  sulphide  are  disseminated  through 
tliis  as  through  the  dark  ore. 

Under  the  microscope  it  is  seen  that  there  is 
every  gradation  between  these  types  of  oro, 
the  light el-oolored  material  having  been  more 
highly  altered.  In  the  open  pit  both  these 
types  of  ore  are  well  exposed  and  are  roughly 
separated  by  a  prominent  fault  that  cuts  tho 
ore  body.  The  light-colored  ore  tics  north¬ 
west  of  the  fuult  on  the  hanging-wall  side,  ami 
the  dark  ore  southeast  of  it  on  the  footwall 
side,  though  it  is  also  present  above  the  fault. 
At  this  locality  tho  light-colored  oro  contains 
the  most  metal.  In  other  parts  of  the  ore 
body,  however,  both  in  the  East  Si  do  workings 
and  in  the  Boston  Consolidated  workings  the 
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dark  ore  is  said  to  lie  of  equally  good  grade. 
In  addition  to  the  small  quurtz  veins  the  ore 
body  contains  large  bodies  of  rather  fine 
grained  vein  quartz.  As  seen  in  the  mine,  tins 
material  rather  closely  resembles  the  mineral¬ 
ized  quartzite,  bnt  under  tho  microscope  it 
appears  as  typical  vein  quartz  and  shows  no  evi¬ 
dence  of  clastic  origin.  Tho  quartz  grains 
contain  many  cavities  filled  with  gas  and  liquid 
and  commonly  contain  a  small  cube  resem¬ 
bling  salt  and  frequently  a  reddish  mineral 
that  is  probably  hematite.  Tho  size  of  these 
bodies  strongly  suggests  that  they  are  in  part 
a  complete  replacement  of  monzonito  rather 
than  a  filling  of  open  spaces.  Sulphides  are 
disseminated  through  this  vein  quartz.  Locally 
the  monzonito  contains  light-green  chloritic 
material  containing  abundant  iron  sulphido. 
Under  the  microscope  this  is  seen  to  be  com¬ 
posed  of  a  green,  slightly  pleoehroic  horn¬ 
blende  and  of  chlorite,  which  in  part  at  least 
results  from  tho  alteration  of  the  homblcudo. 
This  appears  to  bo  an  altered  and  mineralized 
basic;  rock,  possibly  a  dike  rock.  If  so,  it  must 
originally  have  been  composed  hugely  of 
hornblende,  for  no  feldspar  or  secondary  min¬ 
eral  from  feldspar  was  noted  in  the  specimen 
examined. 

In  addition  to  the  Assuring  which  has  af¬ 
fected  the  rocks  containing  the  ore  body  over 
a  largo  area  more  pronounced  movements  Lave 
occurred  along  definite  lines  and  aro  shown  in 
fuults  that  are  well  exposed  in  the  pit  and  on 
the  stripped  levels  above  the  pit.  Fissures 
showing  more  prononneed  movement  aro  also 
present  in  other  parts  of  the  mineralized  area. 
In  muny  places  where  these  movements  oc¬ 
curred  in  the  monzonito  they  caused  the  forma¬ 
tion  of  rather  heavy  gouge.  In  tho  quartzite 
tho  result  whs  an  urea  of  crushed  rock.  As 
some  of  tho  gouge  contained  only  sparse 
amounts  of  sulphido,  and  some  of  tho  original 
dark  silicates  aro  still  preservod,  it  is  evident 
that  at  least  some  of  tho  movement  occurred 
previous  to  tho  main  period  of  mineralization 
and  that  tho  gouge  prevented  tho  free  circula¬ 
tion  of  the  ore-bearing  solutions.  In  other 
places,  however,  gouge's  contain  sulphides  and 
were  probably  formed  after  the  main  minerali¬ 
zation.  In  tho  quartzite  and  in  the  monzonite, 
where  the  movement  did  not  produce  strong 
gouges,  the  zones  of  movement  were  favorable 
to  the  movement  of  ore  solutions,  and  in  many 


places  the  mineralization  is  greatest  udjuceut 
to  them. 

A  few  “veins”  in  the  disseminated  ores  con¬ 
tain  galena  and  spbalerito  and  some  copper  and 
iron  sulphides.  The  fissures  containing  these 
hnvo  cut  tho  oro  and  this  mineralization  is 
evidently  later  than  the  main  copper  mineral¬ 
ization. 

The  entire  monzonito  mass  of  Bingham 
Canyon  and  some  of  tho  adjacent  quartzite  has 
been  mineralized.  To  what  extent  oro  has 
been  formed  lias  not  yet  beeu  fully  demon¬ 
strated.  The  map  (PI.  XXXV)  shows  the 
mineralized  area  as  determined  by  develop¬ 
ment  of  tho  Utuh  Copper  Co.  to  the  close  of 
1916.  At  that  time  oro  had  been  fully  or 
partly  developed  over  226.3  acres.  (See  also 
PI.  XXXVI,  p.  360.) 

Tho  depth  to  which  ore  extends  is  also  as 
yet  undetermined,  though  it  has  been  shown 
that  the  tenor  decreases  with  depth.  At  the 
close  of  1916  tho  averuge  thickness  of  the 
developed  ore  body  was  524  feet.  In  the 
quartzite  the  Ohio  Copper  Co.  has  developed 
its  ore  body  to  the  500-footdevel. 

ALTERATION  OF  THE  OSES. 

Alteration  of  the  deposits  by  surface  solu¬ 
tions  has  been  an  important  factor  in  produc¬ 
ing  the  present  condition  of  the  ores,  affecting 
both  their  character  and  their  grude.  It 
caused  a  material  change  in  the  metal  con¬ 
tent  of  the  copper  and  gold  ores,  and  it  ren¬ 
dered  largo  bodies  of  the  lead-silver  ores  near 
tho  surface  susceptible  to  tho  only  metollurgic 
|  treatment  practicable  in  early  days. 

COPPER  ORES. 

The  copper  ores  of  the  district  fall  into  two 
general  types — replacement  deposits  in  lime¬ 
stone  and  disseminated  deposits  in  monzonite 
j  and  quartzite — in  both  of  which  secondary 
alteration  has  been  important. 

Replacement  deposits. — Boutwell 1  says; 

The  facta  observed  at  Bingham  show  in  general  that 
carlxmates,  oxides,  and  native  copper  occur  at  the  surface; 
that  these  pass  into  secondary  sulphides,  which  in  turn 
give  wr.y  to  primary  sulphides  in  depth.  Thus  in  tho 
Commercial,  Telegraph,  Jordan,  Highland  Boy,  Neptune, 
Fortune.,  Columbia,  and  other  properties  the  surface  por¬ 
tion  oi  the  shoots  of  copper-iron  oro  wevo  made  up  of  mala¬ 
chite  and  axurite,  and,  in  tho  Commercial,  of  cuprite  »- 
These  gradually  pu*s  iuto  sulphides  in  depth.  In  the 
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Ceiural’ia  <W»  of  black  sulphide  occur  within  thn  greoo 
cartumU*.  In  I*115  Carpenter  Shop  tunnel,  Telegraph 
mine.,  and  Crown  Point  inclino  the  carlionate  ore  gives 
way  to  sulphides,  bands  of  the  former  forking  down  into 
the  biter,  becoming  narrower  in  depth,  and  finally  thin- 
sing  out  cntbv'.y  to  give  way  to  sulphide. 

jjlacfc  eulpbido  marking  the  zone  of  sulphide  eniich- 
sient,  then,  constitutes  the  body  of  the  copper  ore  foe  a 
considerable  distance  in  depth.  *  *  *  The  thick  nest 

of  tho  zone  of  oxides  and  carbonates  ia  not  so  great  as  the 
thickness  of  the  zone  of  black  sulphides.  The  transition 
torn  the  zone  of  oxidation  to  the  zone  of  sulphido  enrich¬ 
ment  is  gxaduab  It  is  to  be  seen  in  ita  earliest  stage  in 
the  slight  enrichment  along  fractures  in  primary  sulphides, 
in  hand  specimens,  and  in  thin  sections  showing  various 
stages  in  its  progress.  *  *  *  This  enrichment  may  he 
observed  to  proceed  gradually  until,  through  the  con¬ 
tinued  relative  increase  of  tho  secondary  sulphido  and 
decrease  of  the  primary,  the  entire  mass  of  on  ore  body 
ia  made  up  of  enriched  high-grade  black  sulphide  ore. 
This  constitutes  tho  so-called  “black  sulphide”  ore,  which 
ia  tho  richest  copper  ore  in  this  camp.  In  ita  typical 
occurrence  it  ia  a  loose,  dty,  dull  granular  black,  earthy 
ore,  intermingled  with  gray  and  grayish-black  metallic 
scales  and  larger  portions.  This  may  frequently  be  seen 
idtleaing  cores  of  yellow  sulphide  and  intimately  asso¬ 
ciated  with  chalcopyrite  and  pyrite.  Although  this  black 
oro  varies  in  character  somewhat,  it  is  found  on  chemical 
examination  of  selected  samples  from  several  mines  to 
cccsizt  chiefly  of  cbalcocite  (black  sulphide  of  copper), 
icnorite  (black  oxide  of  copper),  mcloconite  (massive 
earthy  variety  of  the  oxide  of  copper,  tcuorite),  some 
totalled  rite,  and  probably  somo  enargite. 

The  stages  of  alteration  and  the  general  character  above 
described  aro  characteristic.  Other  types  were  noted, 
however.  Thus  in  the  Highland  Boy  alteration  seems 
to  have  taken  a  somewhat  different  form;  carbonates 
and  oxides  pass  into  a  zone  characterized  by  chalcopyrite, 
tarnished  and  coated  with  bornito  and  seamed  with 
limouite.  Specimens  of  Highland  Boy  ore  from  this  zone 
show  in  thin  sections  under  the  microscopo  a  grouular, 
iracturcd  mass  of  chalcopyrite  traversed  and  rimmed 
about  hy  scams  of  limonite.  In  the  Northern  Light, 
upper  tunnel,  in  a  corresponding  zone,  covellite  coats 
chalcopyrite.  And  a  specimen  from  the  Kempton  made 
up  of  pyrite  crystals  (possibly  two  generations)  is  coated 
with  masses  of  chalcopyrite  which  in  turn  hear  upon 
their  surface  crystals  and  coatings  of  tetrahedrite. 

Below  this  zone  of  sulphido  enrichment,  low-grade 
cupriferous  pyrite  occurs.  Tho  passage  out  of  this  zone 
in  depth  ia,  like  the  entrance  into  it,  gradual.  Within 
the  body  of  rich  black  oro  nodules  and  grains  of  cupriferous 
Pyrito  cccur,  and  in  depth  these  become  more  numerous 
and  pass  into  continuous  bands  which  lead  to  the  primary 
•ulphides.  The  transition  from  secondary  to  primary 
wlpliides,  begun  in  this  way,  progresses  by  continued 
®®reMe  of  secondary  and  reciprocal  increase  of  primary 
lD,j1^i(s  Thus  tho  lowest  workings  in  the  Commercial 
j  Takgraph  arc  still  in  a  zone  of  sulpiride  enrichment, 
o  the  Jordan  below  the  water  level,  and  in  the  Highland 
J  4  i!0ne  °t  pyrite  has  been  encountered,  which  shows 
*crense  in  the  copper  content. 


Sbco  tho  above  was  written  more  depth  bus 
boon  attained  in  somo  of  the  deposits,  notably 
in  tho  Highland  Boy  mine,  where  oro  boilics 
have  been  developed  to  the  thirteenth  level. 
On  tho  lower  levels  tho  mineralized  bodies, 
though  large,  are,  in  large,  part,  of  too  low 
grade  to  bo  mined  ut  a  profit  under  average 
conditions,  Tho  content  shows  a  decrease  in 
gold  and  silver  as  well  as  in  copper. 

Disseminated  ores. — The  alteration  of  tho 
disseminated  ores  is  in  general  similar  to  that 
of  the  replacement  deposits,  tho  important 
difference  being  that  loss  of  tho  copper  has 
been  left  in  the  oxidized  zone  as  carbonates 
and  oxides,  and  more  of  it  has  been  carried,  to 
lower  levels  and  precipitated  in  the  zone  of 
sulphide  enrichment. 

Tho  sulphides  have  been  largely  oxidized  for 
a  varying  distance  below  the  surface.  At  tho 
surface  somo  of  the  iron  is  usually  present 
in  limonite  or  somo  closely  allied  mineral, 
but  somo  of  it  has  been  removed,  the  iron  in 
limonito  apparently  not  equaling  that  in  tho 
tho  primary  ore.  At  the  surfaco  almost  all  of 
tho  copper  has  been  removed,  especially  from 
the  higher  elevations.  Below  tho  surfaco  and 
in  tho  lower  areas  bordering  Bingham  Canyon 
rnoro  iron  and  considerable  copper  still  re- 
mniu,  tho  iron  in  part  as  hydrous  oxide  and 
possibly  in  part  as  ferric  sulphate,  and  tho 
copper  as  carbonate  and  in  places  as  sulphides. 
In  part  of  tho  area  tho  oxidized  capping  con¬ 
tains  sufficient  copper  to  be  classed  as  ore,  and 
a  plant  for  tho  treatment  of  this  class  of  oro 
by  a  leaching  process  began  operations  in  1917. 

The  silicato  minerals  of  the  oro  have  under¬ 
gone  remarkably  little  alteration.  No  analyses 
of  the  capping  havo  been  made,  but  micro¬ 
scopic  study  indicates  that  the  orthoclase  and 
sericite  have  been  but  slightly  altered,  though 
most  of  the  biotite  is  distinctly  bleached. 
Weathering  would  naturally  break  down  the 
silicates,  removing  tho  potassium  aud  mag¬ 
nesium  and  producing  kaolin  and  allied  miner¬ 
als,  but  the  microscopic  study  reveals  no 
important  alteration  of  this  character  except 
in  the  biotite. 

I  n  general  it  may  be  said  that  the  alteration 
of  tho  sulphides  first  resulted  in  the  formation 
of  iron  and  copper  sulphates.  Then  tho  iron 
sulphate  in  part  oxidized  to  lorric  sulphate,  in 
part  possibly  combined  with  other  elements  to 
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form  relatively  stable  sulphate  minerals,  such 
as  jarosite,  and  in  part  broke  down  into  ferric 
oxide  p.nd  sulphuric  acid. 

In  part,  both  tho  copper  and  iron  were  re¬ 
moved  as  sulphates  in  solution.  Part  of  the 
copper  was  temporarily  fixed  ns  the  relativoly 
stable  carbonates. 

Tho  ferric  sulphates  if  formed  are  only  rela¬ 
tively  stable  and  eventually  break  down,  pos¬ 
sibly  into  ferric  oxide  and  sulphuric  acid,  which 
would  act  on  tho  copper  curbonulos  present 
and  poimit  these  to  be  removed  in  solution. 
Thus  in  the  early  stages  of  oxidation  the  11  cap¬ 
ping"  would  contain  considerable  copper,  while 
in  the  final  stages  tl.Ls  would  be  largely  ro- 
movod.  This  process  is  of  courso  constantly 
working  downward,  so  that  in  reality  the  sec¬ 
ondary  sulphides  are  also  involved  in  the  oxi¬ 
dation  process. 

Along  certain  channels  especially  favorable 
to  the  circulation  of  solutions,  notably  in  the 
fissures  in  the  quartzite,  oxidation  has  resulted 
in  the  formation  of  considerable  amounts  of 
oxide  of  copper  and  some  of  native  metal. 

The  thickness  of  the  oxidized  zone  is  variiv- 
ble,  but  in  general  is  greatest  at  the  greatest 
elevation  and  least  at  tho  lower  levels,  though 
of  courso  deeper  along  channels  favorable  to 
circulation.  Thus  in  1912  the  average  thick¬ 
ness  of  capping  ovor  the  original  Utah  copper 
group,  which  lies  at  relatively  low  levels  ad¬ 
jacent  to  Bingham  Canyon,  was  estimated  atr 
84  feet,  and  the  average  thickness  in  the  Boston 
Consolidated  and  Pay  Roll  groups,  at  higher 
elevations,  at  134  and  206  feet,  respectively. 
Tho  average  thickness  for  the  entire  ore  body 
us  developed  to  tho  close  of  1914  was  113  feet. 

Underlying  the  zone  of  oxidation  is  the  zone 
of  secondary  sulphides.  In  this  zone  the  pri¬ 
mary  sulphidos,  pyrite,  and  chalcopyrito,  and 
possibly  some  bornito,  have  been  partly  or 
wholly  replaced  by  tho  copper  sulphides  covol- 
lite  and  chalcocite.  A  little  boruite  is  present 
in  tho  ore.  lu  some  places  this  appeal's  to  bo 
a  replacement  of  other  sulphides,  and  in  other 
places  its  relations  strongly  point  to  its  pri- 
mury  origin. 

It  has  been  generally  considered  that  the 
principal  secondary  sulphide  of  the  deposit  is 
chalcocite,  but  an  examination  of  specimens 
from  different  parts  of  the  ore  body  revealed 
a  surprisingly  large  amount  of  covollito.  Many 
of  the  fine  grains  in  which  much  of  the  mineral 


occurs  can  be  determined  as  covellite  or  clial- 
coeite  with  difficulty  without  a  polislmd  sec¬ 
tion,  but  covellite  appears  to  be  the  more 
abundant.  Much  sooty  material  and  the  sur¬ 
faces  of  many  grains  are  dark  and  look  like 
chalcocite,  but  a  largo  proportion  of  the  sec¬ 
ondary  sulphide  shows  the  deep  indigo  blue  of 
covellite,  and  tins  cau  usually  be  seen  with  a 
lens  in  the  hand  specimen  by  scraping  the  sur¬ 
face  of  the  grains.  On  the  other  hand,  speci¬ 
mens  that  appear  to  contain  abundant  covcl- 
lite  when  examined  in  polished  sections  are 
seen  to  contain  abundant  chalcocite  covered 
by  a  very  thin  coating  of  covellite.  Beeson 
states  that  covellite  is  the  moro  abundant  sec¬ 
ondary  sulphide  in  the  higher  portions  of  the  ore 
body,  but  that  chalcocite  becomes  increasingly 
abundant  near  tho  bottom  of  the  canyon. 

The  change  from  the  zone  of  tho  yellow  oxi¬ 
dized  ore  to  that  of  sulpiride  em-ichment  is 
usually  very  sharp,  the  "capping"  resting  on 
the  oro  with  not  moro  than  a  few  inches  or  at 
most  a  few  feet  of  transition.  The  change  in 
metal  content,  however,  is  not  usually  so  sud¬ 
den.  Tbe  metal  in  tho  "capping’'  not  being 
susceptible  to  satisfactory  recovery  until  re¬ 
cently,  however,  has  made  the  line  between 
ore  and  wasto  much  more  definite  than  is  indi¬ 
cated  by  the  metal  content. 

Underlying  tho  zone  of  secondary  sulphidos 
is  that  of  primary  sulpirides.  Much  of  the  ma¬ 
terial  that  contains  little  covollito  or  cholco- 
cito  is  ore,  but  it  decreases  in  tenor  with  increase 
in  depth.  This  naturally  suggests  enrichment 
by  the  addition  of  copper  in  the  form  of  chal- 
copyrite,  and  this  seems  to  be  the  theory  held 
by  those  most  familiar  with  the  ore  deposit. 
Beeson  has  shown  thut  some  of  the  material 
that  appears  to  be  chalcopyrito  is  only  a  thin 
film  of  that  mineral  covering  covelhto  or  chal¬ 
cocite,  all  three  of  the  copper  sulphides  being 
of  secondary  origin. 

The  cross  section  of  tho  ore  body  (sea  PI. 
XXXV)  shows  that  tbe  ore  goes  deepest  in 
high  ground,  where  oxidation  is  greatest.  De¬ 
velopment  also  goes  deepest  in  this  part  of  the 
ore  body,  however,  and  until  greater  depth 
has  been  attained  near  the  canyon  bottom  it 
can  not  bo  stated  that  the  ore  ia  not  equally 
thick  there.  At  the  close  of  1916  the  average 
thickness  of  the  commercial  ore  as  developed 
in  tbe  property  of  the  Utah  Copper  Co.  woa 
524  feet. 
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Galena,  which  forms  iho  most  imporlant 
primary  mineral  of  the  lead-silver  ores,  is  rcla- 
tirely  resistant  to  weathering  agencies.  Con¬ 
sequently,  tho  alteration  of  these  ores  has  pro¬ 
ceeded  slowly,  and  many  residual  fragments  of 
ctalenu  remain  in  tho  ore  even  near  the  out¬ 
crop.  Tetrahedrito,  wliich  is  an  important 
silver-bearing  mineral,  is  move  readily  at¬ 
tacked.  The  final  product  of  alteration  of  the 
Milena  is  ordinarily  the  carbonate,  cerusite, 
though  tho  sulphate,  anglesite,  commonly 
forms  as  an  intermediate  product  and  more 
complex  sulphates  are  probably  also  formed. 
The  oxidized  lead-silver  ore  bodies  show  no 
marked  migration  of  the  lead  or  silver,  though 
they  have  been  somewhat  enriched  and  were 
rendered  much  more  favorable  to  tho  early 
treatment  by  tho  removal  of  other  elements. 

GOLD  ORES. 

The  gold  ores  of  the  district  have  resulted 
from  the  alteration  of  auriferous  pyrite  bodies 
ia  the  limestone.  They  were  worked  at  nu¬ 
merous  localities  in  the  early  days, but,  although 
geld  was  obtained  from  some  of  them,  none 
have  proved  very  productive. 

Oxidation  of  tho  pyrite  freed  the  gold  and 
concentrated  it  to  some  extent.  Boutwell 1 
described  tho  process  os  follows: 

These  changes  probably  comprise  (a)  the  attack  on 


gold-bearing  pyrite,  iron  sulphide,  by  oxygen  of  surface 
resulting  in  the  formation  of  ferrous  sulphate  and 
consequent  freedom  of  gold  content;  (6)  the  breaking  up 
dirtm  sulphate  into  sulphuric  acid,  limonite,  and  water; 
(c)  the  passage  of  the  acid,  water,  and  limonite  downward, 
leaving  the  gold  content  in  the  resulting  cavity,  aud  thus 
the  accomplishment  of  tho  relative  concentration  of  free 

GENESIS  OF  THE  ORES. 

The  ores  of  the  district  have  probably  been 
formed  during  ono  general  period  of  mineral¬ 
ization  and  have  had  a  common  origin.  The 
differences  in  tho  character  of  tho  ores  are 
probably  duo  to  differences  in  the  physical 
conditions  under  which  they  formed  and  pos- 
*7  slightly  different  times  of  formation 
Ihs  general  period  of  ore  deposition. 
Theintimute  association  of  the  ore  deposits 
the  intrusive  rocks  leaves  little  doubt  of 
^  close  genetic  relations.  That  the  main 
cposition  took  place  after  the  intrusion  is 
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o\  iuced  by  the  fact  that  deposits  occur  in 
the  in  trust  vq  rocks  as  well  as  in  the  adjacent 
rooks.  In  the  limestones  the  ore  deposits  arc 
associated  with  fissures  more  closely  thau  with 
dikes,  but  dikes  of  monzonite  porphyry  are 
lately  if  ever  far  distant  from  a  wcll-minovul- 
izod  area  in  the  limestone. 

The  general  order  of  mineralization  was 
proonbly  about  as  follows:  The  intrusion  of  the 
monzonite  bodies  and  the  accompanying  Assur¬ 
ing  aud  alteration  of  tho  adjacent  sediments; 
the  cooling  and  crystallization  of  tho  npnzonite 
and  its  Assuring  from  shrinkage  and  adjustment 
of  stresses;  the  passage  along  the  fissures  both 
in  the  monzonite  and  in  tho  adjacent  sediments 
of  solutions  of  deep-seated  origin  that  altered 
tho  rocks  and  deposited  the  metals. 

Highly  heated  solutions  deposited  gold- 
copper  ores  and  less  highly  heated  ones  lead, 
silver,  and  zinc.  Lead-zinc  veins  occur  in 
fissures  in  the  disseminated  ore,  and  were 
evidently  deposited  later  than  copper.  Tliis, 
however,  is  not  believed  to  indicate  that  tho 
lend  ores  as  a  whole  wore  later  than  the  copper 
ores,  hut  rather  that  at  the  time  tho  copper 
ores  were  deposited  physical  conditions  in  those 
plnces  were  not  favorable  to  the  deposit  of  lead- 
zinc  ores.  When  the  temperature  and  possibly 
tho  pressure  in  this  zone  had  been  reduced 
lead-zinc  ores  could  and  did  deposit.  Fissuring 
and  faulting  continued  after  the  deposition  of 
tho  ores,  nnd  finally  the  ores  woro  altered  by 
surface  solutions. 

PLACER  DEPOSITS. 

Auriferous  gravels  were  tho  earliest  deposits 
worked  in  tho  district,  and  in  early  days  woro 
the  source  of  considerable  gold.  The  placers 
occur  as  bench  and  stream  gravols  in  Bingham 
Canyon  and  its  tributaries.  Boutwell 2  sum¬ 
marizes  their  history"  as  follows: 

Iu  post-Curboniferoua  time  tho  Oquirrh  Itauge  gradually 
emerged  alx>ve  water  level  and  grew  northward.  Streams 
tlowed  northward  down  its  slopes  aud  began  the  work  which 
Bingham  Creek  and  iU  tributaries  are  to-day  carrying  on. 
That  work  consisted  of  wearing  down  the  suirtace,  cutting 
vallcvs,  and  lran> porting  downstream  the  product  of  that 
erosion.  •  *  * 

This  generally  continuous  dkScction  has  been  made  pos¬ 
sible  by  ft  broad  uplift  with  slight  eastward  tilting  of  the 
entire  region  accomplished  during  definite  stages  which 
were  characterized  by  elevation  followed  by  quiesceneo 

•  lJeai,  p.  »1S. 
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and  degradation,  and  by  subsequent  aggradation  which 
may  ho  due  to  slight  depression.  *  *  * 

During  those  land  movements  tho  activity  of  the  erosive 
agents  has  varied  accordantly.  At  an  early  date  aurifer¬ 
ous  gravel  was  formed  by  tho  oroiiou  of  gold-bearing  ore 
shoots  in  limestones  and  of  igneous  and  probably  sedi¬ 
mentary  auriferous  rocks.  Portions  deposited  in  stream 
beds  wero  subsequently  left  as  benches  by  further  stream 
incision.  Repeated  deposition  and  subsequent  dissection 
have  produced  a  series  of  high  bench  and  rim  deposits  of 
auriferous  gravel.  The  principal  deposits  of  auriferous 
gravel  were  laid  down  (1)  atthe  close  of  the  erosion  stage, 
marked  by  the  mature  slopes,  and  (2)  after  tho  close  of 
the  cutting  oi  the  recent  canyon  and  tho  succeeding  de¬ 
pression.  «The  former  is  recorded  by  tho  Argonaut  and 
Dixon  bench  gravels,  and  the  latter  by  the  wedge  of  creek 
gravels.  Each  removal  oi  gravel  and  its  included  pay 
from  higher  to  lower  levels,  as  well  as  each  transportation 
downstream,  has  acted  further  to  sort  and  to  concentrate 
thegold.  Thus  the  present  creek  gravels,  including  their 
eastern  continuation,  include  all  the  gold  released  from 
bedrock  from  earliest  to  latest  time,  except  tho  relatively 
small  per  cent  left  on  the  benches  and  that  removed  by 
man.  Tho  present  recent  dissection  of  the  creek  gravels 
and  auy  normal  succession  of  activities  which  may  follow 
will  continue  this  process  of  natural  concentration  of  the 
placer  gold. 
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RUSH  '/ALLEY  AND  OPHIR  DISTRICTS. 
MINING  HISTORY  AND  PRODUCTION, 
lly  V.  C.  H kikes. 

LOCATION  OF  THE  DISTRICTS 

The  Rush  Valley  and  Ophir  districts,  in 
Tooelo  County,  were  formed  Juno  12, 1861,  and 
August  6,  1870,  respectively.  These  districts 
were  originally  part  of  the  West  Mountain 
(Bingham)  district.  In  1863  they  comprised 
the  mining  sections  now  known  as  Cump  Floyd 
(Mercur),  Dost  and  Dry  Canyon,  Tintic,  and 
Tooele  districts.  A  narrow-goge  railroad,  the 
Utah  &  Nevada  Railway,  was  constructed  in 
the  seventies  from  Suit  Lake  City  to  Stockton, 
and  in  1905  this  was  inode  broad  gage  and 
became  a  part  of  the  Los  Angeles  &  Salt  Lake 
Railroad.  In  1912  a  branch  of  this  railroad 
was  completed  from  St.  Johns  to  Ophir,  doing 
away  with  a  wagon  haul  of  about  16  miles. 

HIST  OUT. 

RUSH  VALLEY  DISTRICT. 

Rush  Lake,  from  which  Rush  Valley  takes 
its  name,  is  a  remnant  of  Lake  Bonneville.1 
In  1855  it  was  included  in  a  military  reserva¬ 
tion  laid  out  by  Lieut.  E.  J.  Steptoe  for  the 
purpose  of  securing  to  the  military  post  at 
Camp  Floyd  the  meadow  and  pasturage  about 
the  lake  shore.  Gilbert  says : 1 

Tho  land  surveys  in  tho  valley  in  1850  did  not  include 
the  military  reservation  but  showed  the  existence  upon  it 
of  a  lake.  According  to  Gen.  P.  E.  Connor,  who  suc¬ 
ceeded  Col.  Steptoe  in  1862,  there  was  then  ouly  « 

*  (Ullwrt,  O.  K.,  IaVp  DollfioYiliv:  U.  8.  Geol.  Survey  Mon.  I.  P- 
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u. md,  the  remainder  of  the  lake  bed  being  occupied  by 
aelda*  land.  In  19W  <*>«  water  began  to  increase,  the 
pCJl^t  lK-ight  being  attained  iu  1876  or  1877,  since  which 
liino  it  has  subsided.  The  riso  of  the  water  submerg'd 
the  meadow  bad  and  rendered  the  reservation  usele-a  for 
its  original  purpose.-  It  was  therefore  officially  rolin- 
qubbed  by  the  War  Department  in  1869.  In  1372,  the 

v. -atcr  being  near  its  highest  stage,  the  lake  was  surveyed 
in  connection  with  the  surrounding  country  by  one  of  the 
parties  of  the  Wheeler  survey  and  tlw  length  was  de¬ 
termined  to  be  -1}  milep.  In  lS'-'O,  when  the  lako  was 
visited  by  the  writer,  it  was  said  by  residents  to  have 
shrunken  to  half  its  maximum  size. 

The  reservation  1  for  tho  military  post  was 
sold  by  tho  Government  in  1861  and  was  re¬ 
purchased  in  1S64  by  Gen.  Conner,  who  occu¬ 
pied  it  with  a  portion  of  the  California  and 
Novada  volunteers  then  stationed  at  Camp 
Douglas,  near  Salt  Lake.  The  town  of  Stockton 
was  surveyed  and  organized  in  March,  1S6-4, 
and  made  a  military  post  known  ns  “Camp 
Relief.” 

The  Rush  Valley  deposits  were  discovered 5 
in  April,  1864,  by  some  members  of  Company 
L,  Second  Cavalry,  California  Volunteers,  who 
were  guarding  stock  on  thereservation.  Assays 
from  the  first  ledges  discovered  proved  to  be 
rich  in  silver,  and  a  mining  district  was  organ¬ 
ized.  Tho  first  house  was  built  in  Stockton 
during  July,  1864,  and  in  1S66  the  town  had 
40  families  and  400  inhabitants. 

Soon  after  tho  organization  of  the  district, 
Lieut.  James  Finnerly  erected  a  small  trial 
furnace  to  test  ore,  and  about  the  same  time 
t  krgo  one  was  built  by  the  Rush  Valley 
Furnace  &  Smelting  Co.  Both  were  only 
partly  successful,  owing  to  the  imperfect 
quality  of  the  fire  brick  used.  Subsequently 
Lieut  Finnerty  built  a  second  furnace  and 
ran  it  with  good  results  for  a  number  of  weeks, 
turning  out  a  quantity  of  metal  from  surface 
ore-  Attempts  to  separate  the  gold  and  silver 
rom  lead  by  means  of  the  “Lyon  process,” 
which  was  used  to  smelt  the  ores  of  the  Perigo 
r^bie*  in  Gilpin  County,  Colo.,  were  made  by 
too  Knickerbocker  &  Argenta  Mining  & 
Smelting  Co.  but  were  not  successful,  and  the 
uiinea  were  abandoned  in  the  later  part  of 
SG5.  The  Monheim  &  Johnson  Co.*  com¬ 
peted^  a  blast  funiaco  in  1SG6  to  treut  ores 

publbiwd  at  Camp  Dowlas,  Salt  l.a'te  City,  Apr  2*. 
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twin  the  Dehnonte  and  Great  Basin  ledges; 
J.  V .  Gibson  in  the  same  year  erected  nod  put 
in  operation  a  smelter  with  a  capacity  of  600 
pounds  a  day.  The  Union  Vedette  says: 

Nino  runs  have  been  nude  of  a  hundred  pounds  each 
and  oOO  pounds  o(  metal  was  obtained,  same  of  which  has 
been  brought  to  this  city  and  assayed  hy  Bohm  A  Mnlitor 
•iiitl  gives  $--8  in  stiver  per  ton.  Tho  remainder  ia  nearly 
pure  lead.  *  «  • 

Soon  after  the  dose  of  tho  Civil  Wur  the 
volunteers  at  Camp  Dougins  were  disbanded, 
being  relieved  by  regular  troops  from  the  east-. 
Most  of  those  who  had  mining  prospects,  after 
meeting  and  amending  the  by-laws  so  us  to 
make  claims  perpetually  valid  which  bad  but 
little  work  done  on  thorn,  left  the  Territory 
to  seek  employment  elsewhere.  This  action, 
which  prevented  all  subsequent  relocation  of 
tho  same  ground,  greatly  retarded  wid  in  fact 
prevented  for  some  years  tho  development  of 
the  Rush  Valley  district  .5 

The  nulling  claims  of  the  district  center  in 
tho  foot  hills  1  to  2  miles  duo  east  of  Stockton, 
and  extend  about  2  miles  north  and  a  like  dis¬ 
tance  south. 

Tlio  early  conditions  of  mining,  reviewed  in 
brief  detail  by  Sloan  8  in  1873,  are  of  interest. 
Sloan  says  in  part : 

About  midway  tho  district  and  t  nrilo  from  Stockton 
Is  u  heavy  outcrop  of  a  belt  of  blue  limestone  running  coat 
aud  west.  Dipping  under  this  is  a  well-defined  vein, 
3  feet  iu  width,  carrying  argentiferous  galena,  mixed  with 
iron  ocher.  The  following  mines  are  on  this  belt,  which 
extends  about  a  mile  in  length.  On  the  east  end  ia  the 
fust  discover)’  iu  tho  district,  called  tho  I.incolu,  now 
known  as  the  Argent;  developed  by  shaft  100  feet  in  depth 
and  one  00  feet;  ore  00  per  cent  lead  and  -10  ounces  silver 
to  tbo  ton,  though  one  lot  yielded  60  per  cent  lead  and  20 
ounces  silver,  *  *  * 

Adjoining  west  ia  tho  Tucson  *  *  *.  One  lot  of  ore 
yielded  CO  per  cent  lead  aud  87  ounces  silver  to  the  ton. 

Tho  formation  ia  somewhat  broken  west  of  the  Tuesou, 
but  it  ia  evident  tho  Bolivia  is  on  the  same  vein;  it  is 
opened  by  a  shaft  over  100  feet  in  depth,  and  t  hero  is  much 
ore  on  the  dump  *  *  *. 

West  from  the  Bobrin  is  the  Silver  King,  from  which 
was  shipped  the  first  carload  of  galena  ore  sent  from  U tah ; 
•  •  «  Average  of  ore  in  value  about  50  per  cent  lead 
and  40  ounces  silver  to  the  ton. 

Toward  the  north  part  of  tho  district  is  the  Southport; 
quartzite  vein  carrying  galena  and  carbonates  in  loxge 
quantities;  course  of  vein,  north  and  south;  *  *  *  vein 
about  3  feet  in  width  *  •*  *.  The  St.  Patrick,  opened 
by  an  incline  of  100  feet.  This  miuo  at  one  time  yielded 
a  large  amount  of  ore. 

»  Whlliwy’*  Hhlocy  of  U*h,  Ball  Lite  City.  Ll»l>,  vol.  J,  pp.  2.1- 
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Up  Quandary  gulcb,  onc-fotirh  of  a  mile  from  .silver  j 
Spring,  is  the  Quandary  lade,  developed  bv  a  shaft  over 
100  feet  iu  depth,  with  le  vels  run  therefrom. 

Oppieife  the  gulch  from  the  Quandary,  is  theCiroat  Basin 
lode,  opened  by  tunnel  100  feet,  and  shaft  1  >0  fe<*t;  has 
produced  high-grade  ore.  _  , 

A  shiirtdistaricc  above  ihn  Quandary  up  the  gulch  is  the 
first  extension  north  of  the  Great  Central  lode,  a  well- 
defined,  true  fimsuro  vein,  in  quartzite,  running  north  nnd 
south;  ore  about  50  per  rent  lead  and  $  1 50  per  ton  ef  silver. 

North  from  tbe  Quandary,  on  the  top  of  the  hill,  in  the 
mine  Our  Frits,  with  shaft  100  feet  in  ore  all  the  wry, 
which  a-ssays  ahout  CO  per  cent  lead  and  fi  t  i:i  silver  to 
the  bm;  *  *  *. 

The  First  National  (formerly  Flora  Temple)  is  u  well- 
developed  mine  with  a  shaft  over  100  feet;  strong  vein  and 
good  body  of  ore. 

Many  of  the  claims,  which  were  worked  in 
the  early  dava  ns  individual  properties,  now 
form  purt  of  groups  owned  by  tho  Bullion 
Coalition  (formerly  Honerine),  Galena  King, 
New  Stockton,  Black  Diamond,  Cyclone,  Silver 
Coin,  and  Southport. 

Tho  Great  Basin  claim,  which  later  became 
tho  property  of  the  TIonerino,  also  known  ns 
tho  National,  was  included  in  the  group  of  77 
patented  mining  claims  nnd  fractions  trans¬ 
ferred  to  the  Bullion  Coalition  Mines  Co.  in 
1910.  Tho  property  is  opened  by  an  ndil 
13,000  feet  long.  The  total  output  of  the 
TIonerino  and  its  predecessors  is  reported  1  to 
hnvo  been  SO ,000  tons  of  oro  valued  at  $1,250,- 
000  to  the  end  of  18S9.  At  that  time  there 
were  1 1,500  feet  of  openings  nnd  the  greatest 
depth  was  660  feet.  A  largo  concentrator  was 
in  operation  nnd  has  been  worked  intermit¬ 
tently  up  to  the  end  of  1913.  Between  1890 
and  1901  there  appears  to  have  boon  very  little 
oro  produced  from  the  TIonerino  mines;  at 
least,  thoUnited  States  Geological  Survey  is  not 
in  possession  of  the  records. 

Tho  Jacobs  smelter,  built  at  Stockton  in 
1S72,  consisted  of  three  vertical  blnst  fur- ! 
nnces  and  used  ores  from  tho  Fourth  of  July 
nnd  Kearsargo  mines  near  Ophir.  Tho  Fourth 
of  July  was  owned  by  Tally,  Txnsenring  &  Co., 
of  Philadelphia,  who  were  owners  of  the  Jacobs 
works.  In  1879  tho  Great  Basin  concentrator, 
consisting  of  jigs,  was  installed  in  an  extension 
building  covering  the  Jacobs  furnaces,  and  in 


1SS0  :  was  milling  100  tons  of  ore  a  day,  pro¬ 
ducing  20  tons  of  concentrate.  One  slack  of 
tho  Jacobs  smelter  was  in  operation  at  the 
same  time,  reducing  about  25  tons  of  ore  a 
day  nnd  turning  out  about  5V  tons  of  bullion 
assaying  100  ounces  of  silver  per  ton. 

The  Chicago  smelter/  long  ago  dismantled, 
was  built  on  the  east  shore  of  Rush  Lake  near 
Stockton,  in  August,  1873.  Its  last  operation 
was  recorded  iu  18S0.  Huntley  :  says; 

The  Chicago  smelter  in  at  Slagtown,  on  the  eastern 
shore  of  Rash  Lake,  about  2  miles  south  of  Stockton.  It 
w:is  built-  in  1873  by  the  Chicago  Silver  Mining  Co.,  an 
English  company,  which  once  owned  the  Chicago  and  the 
Queen  of  tho  ITill.s  mines  in  I>ry  Canyon.  It  ran  quite 
steadily  until  1S77.  It  was  then  idle  until  leased  its  1S79 
to  Mr.  Brooks,  who  ran  it  uutil  the  autumn  of  1380,  when 
it  was  shut  down. 

The  Carson  &  Buzzo  smelting  works,  about 
half  n  mile  south  of  the  Chicago,  erected  two 
vertical  blast  furnaces  in  March,  1S73,  and 
commenced  operations  shortly  afterward. 
The  ores  used  were  obtained  chiefly  from  the 
Utah-Queen  mine,  owned  by  the  same  interests. 
Later  Carson  &  Buzzo  erected  extensive  re¬ 
duction  works  nt  West  Jordan. 

The  Waterman  smelting  works  were  the 
most  important  nnd  were  operated  nt  a  later 
date  (1886)  than  any  in  the  vicinity.  Huntley ‘ 
says; 

The  first  furnace  in  the  territory,  an  unsuccessful  re¬ 
verberatory,  was  erected  here  in  1881  by  Gen.  Connor 
and  his  officers.  It  wan  bought  iu  1871  or  1872  by  Mr. 
I.  S.  Waterman.  *  *  *  This  smeller  ran  quite  steadily 
for  several  years  on  Hidden  Treasure  ore  raid  some  custom 
reck,  but  not  profitably.  *  *  *  During  the  four  years 
ending  April  1,  1878,  28,270  tons  of  ore  were  sine' ted,  umi 
yielded  8,312  tons  of  base  bullion,  which  sold  for  §109.6-5 
per  ton,  or  §911,350.  During  this  time  3,300  tons  of  flue 
dust  were  caught,  which  assayed  from  36  1o  57  per  cent 
lead  aud  from  13  to  35  ounces  silveT. 

The  production  of  the  Rush  Valley  district 
during  its  early  activity  is  hard  to  ascertain. 
No  complete  records  aro  available,  and  esti¬ 
mates  from  the  district  have  been  combined 
with  those  collected  for  the  Ophir  district. 
Since  1901  tho  figures  have  boon  collected  by 
tho  United  States  Geological  Survey. 

*  T>pt.  Director  of  Mint  upon  production  of  pteclou*  me’  >K  tS*V 
P-1W. 

3 1  'arm--  -I,  J.  E.,jr.,  M-  E.,  Mines  nml  fcirunocaof  OpMr,  Dry  Can>°  ’> 
and  Rush  Valky  districts,  Utah  Mining  Guo'lte,  June  1871- 
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M flali  produced  in  the  litieh  Valley  mining  die  Viet,  1901-1917 . 


Year. 


1907 

1902 

1903. 

1904. 

1905. 

1906. 
1907 
190S. 
1909. 

1910 

1911 

1912 
1913. 

1914 

1915 

1916 

1917 


Ore 

(short 

tons). 


“400 

496 
142 
b  44, 145 
b  40,  431 
6^37,409 
648,313 
62,602 
65,627 
61,981 
10, 107 
<*45,453 
14,  897 
19,332 
19, 780 
24, 710 
10,  713 


326, 543 


Gold. 


Fine 

ounces. 


34.54 
64.  00 
4.  69 
292.  99 
322.  00 
398.  83 
324.43 
14.  70 
21. 48 
27. 32 
477. 38 
,141.31 
585. 09 
420. 18 
398. 15 
439. 31 
708.  53 


5,674.98 


Value. 


1714 
1,323 
97 
6,056 
6,656 
8,246 
6,707 
304 
444 
565 
9,868 
23,093 
12,09-1 
8,686 
8, 230 
9, 081 
14, 647 


Silver. 


Fine 

ounces. 


11'/,  311 


6, 618 
7,479 
1,211 
176,  510 
56,025 
95,  861 
130, 4S7 
31,386 
24,  096 
15, 88S 
102,  863 
261, 5S8 
128,675 
108,979 
90,  666 
108, 841 
79,797 


1, 426,  970 


Value, 


Copper. 


$3,971 
3, 964 
6.54 
101, 052 
33,  839 
64, 227 
86,121 
16,  635 
12, 530 
8,580 
54,517 
160,  877 
77, 720 
60, 265 
45, 968 
71,617 
65,753 


86S,  290 


Pounds. 


Value. 


5,  248 

$656 

413 

65 

3,  858 

745 

318 

63 

5,779 

7G3 

1,781 

232 

10, 3-5-1 

1,315 

12,  689 

1,586 

319,  859 

52,777 

29,  521 

4,  576 

21,680 

2,  883 

37, 899 

6,  G.33 

118,9-13 

29, 260 

43, 335 

11,830 

611,677 

113, 3S4 

Lead. 


Pounds. 


“200, 000 
250.  651 
27!  009 
11,978,448 
3,499,020 
4,  982,  872 
G,  022, 0-12 
1,  676,  217 
1,213, 206 
965,  146 
4,969,  476 
10, 971,278 
4,619,  259 
3.  791, 497 
4,151,151 
5, 413, 0-12 
3, 315,  077 


Value. 


$8,  600 
10,  271 
1, 134 
524,  057 
155, 419 
284,  024 
350,  068 
70,401 
52, 170 
42,466 
223,  026 
493,  708 
203,  247 
117, 80S 
195, 104 
S73, 500 
285, 097 


68,045,451  3,421,660 


Recoverable  -/.Inc. 

Pounds. 

Value. 

_ 

....  .  .  1 

_ .  1 

9,019 
69, 582 
99, 03-1 
136,615 
66,  490 

. 

$305 

3,  .54!) 
12,  280 
18,  306 

5,  762 

370,  740 

40,402  | 

Total 

value. 


$13,  285 
15, 558 
1,885 
631,821 
195,979 
357,  242 
443.  8.59 
88,  103 
6.5,  376 
52,  926 
2S9, 597 
730,  955 
298, 142 
223, 251 
268, 215 
601,76-1 
383, 089 


4,  561, 047 


a  Estimated.  <■  )’«Jt3y  milliii,;  ore,  cuncenlrun^  produced.  «  Mostly  oldUUin&s.  d  Includes  27,6-17  ions  of  old  slug  from  early  xsiclUog  operations.  *  Includes  2.W9  Ions  of  uld  tailings  und  slag. 


CO 

CJ1 


OQUIRRH  RANGE. 
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ORE  DEPOSITS  OF  UTAH. 


OIWIII  DISTRICT. 

Tho  ores  in  the  Opliir  district  were  discovered 
in  1865.1  Treasure  Hill,  in  East  Canyon,  had 
long  been  a  sacred  spot  whither  tho  Indians  re¬ 
paired  each  y6ar  to  hold  councils  and  to  obtain 
metal  for  bullets.  Soldiers  of  Gen.  Connor  s 
command,  attracted  by  these  legends,  located 
a  cropping  of  lead  ore  at  the  St.  Louis  lode,  now 
known  ns  tho  Hidden  Treasure  mine.  Other 
locations  soon  followed,  among  which  were  the 
Pocatello,  made  near  where  tho  Velocipede  was 
afterward  located  on  Silver  Shield  Hill,  and  the 
famous  Wild  Delirium  at  the  foot  of  Ophir  Hill. 

Very  littlo  work  was  done  on  tho  locations 
until  1870,  when  tho  excitement  caused  by  the 
rich  developments  in  the  Little  Cottonwood  dis¬ 
trict  stimulated  prospecting.  In  tho  summer  of 
1870,  A.  W.  Moore  laid  out  the  town  of  Opiur, 
and  a  now  mining  district  was  organized.  In 
August,  1870,  horn  silver  was  found  on  Silver¬ 
ado  Hill,  perhaps  by  W.  T.  Barbee,3  and  tho 
Silveropolis,  Chloride  Point,  Shamrock,  and 
other  claims  were  located.  A  few  days  after 
the  discovery  of  the  Silveropolis  lode,  the 
Mountain  Lion,  Silver  Chief,  Mountain  Tiger, 
Rockwell,  and  other  locations  were  made  on 
Lion  Hill. 

The  nearest  railroad  point  to  Ophir  in  1872 
was  the  Utah  Southern  Railroad,  which  termi¬ 
nated  at  Lehi  aud  was  reached  via  Lewiston  and 
Fairfield.  In  1872  the  Pioneer  mill,  belonging 
to  Walker  Bros.,  was  treating  25  to  30  tons  of 
ore  a  day,  using  a  Blake  crusher,  fifteen 
750-pound  stamps,  an  Aikin  furnace,  six 
Wheeler  pans,  and  three  settlers.  There  were 
three  smelting  plants  in  tho  vicinity.3  Hunt- 
ley  4  says : 

Tho  Ophir  district  *  *  "  includes  several  c ancons 
and  ride's  on  the  western  slope  of  the  Oquirrh  Range,  tho 
principal  of  which  are  Ophir  or  East  Canyon  aud  Dry 
Canyon,  containing  the  mining  camps  of  Opliir  City  and 
Jacob  City,  respectively.  There  was  much  excitement  in 
1872, 1873,  and  1871,  since  which  time  the  comp  has  gradu¬ 
ally  decliucfj.  At  the  period  under  review  (hero  were  uot 
30  persons  where  formerly  there  were  1.000.  The  records 
showed  about  2,300  locations,  on  not  over  150  of  which  was 
n*e«srnont  work  kept  up.  *  *  * 

>  Wells  Spfc*r,  Utah  Mining  Ornette,  Jan.  7, 1871. 

•  Huntley,  D.  B.,  Precious  me’.#!*:  Tenth  Census  U.  R„  vo).  13,  p  >77, 

•Wheeler,  0.  M-,  U.  S.  Geog.  Surveys  w.  100th  Her.  Prog.  Rent 
pp,  l4-»\,  1873. 

•  Op-  c't.,  pp.  -toQ-tSi. 


Much  of  the  ore  of  the  district  has  been  very  rich,  the 
assays  sometimes  averaging  among  the  hundreds,  and  oven 
thousands.  In  East  Canyon  the  ore  was  usually  a  very 
siliceous  or  milling  ore;  but  that  from  Dry  Canyon  con¬ 
tained  miK  h  lead  and  was  smelted.  This  district,  baa  pro¬ 
duced  many  million  dollars;  how  many  can  never  bo 
known,  sta  tho  mine  owners  of  tho  early  days  are  scattered 
over  tho  Pacific  coast.  Many  local  attempts  to  treat  tho 
ores  wero  mado  iu  East  Canyon,  hut  were  for  the  most  part 
failures.  Tho  works  remaining  at  the  period  under  reviow 
were  tho  buildings  of  the  Pioneer  and  the  Baltic  mills, 
and  the  Cleveland  and  the  Mow  Jersey  arrastres. 

Tho  Pioneer  mill  was  built  in  1871  by  Walker  Bros.,  of 
Salt  Lake  City,  to  work  ore  from  tho  Zoll.1  group  and  other 
mines  on  bion  Hill,  It  was  a  20  stamp  dry- crushing  silver 
mill  with  an  Aiken  furnace,  and  cost  about  $75,000.  Many 
huudred  thousand  dollars  in  hullion  were  extracted.  The 
machinery  was  moved  to  Butte,  Mont,,  several  years  ago. 
The  Baltic  mill  was  a  small  5-stamp  mill,  with  two  pens 
anda  set  tier,  and  was  run  by  a  turbine  water  wheel.  It  was 
not  worked  regu lari y .  Tho  arrastres  *  *  *  were  fairly 
successful,  owing  to  tho  high-grade  and  free  nature  of  tho 
ore.  Latterly,  ore  has  been  shipped  to  Salt  Lake  City  or 
to  the  Stockton  smelters.  *  *  * 

The  following  works  were  built  in  early  times  but  had 
been  moved  away  or  were  in  ruins:  Pioneer  smelter,  built 
in  1871;  probably  produced  125  tons  of  bullion.  Ophir 
smelter,  built  in  1872;  produced  but  little.  Faucett 
smelter,  built  in  1 872;  small  product.  Brevoort  mill,  built 
in  1872;  two  stamps.  Enterprise  mill,  built  in  1873;  five 
stamps.  One  mill  (name  unknown),  built  in  1874;  fivo 
stamps.  Also  several  small  arrastres  run  by  water  wheels. 

Tho  Zella  group  [East  Canyon  and  vicinity]  comprises 
tho  Zella,  Mountain  Tiger,  Silver  Chief,  and  Rockwell, 
patented,  and  several  others  unpatented.  It  is  situated 
on  tho  western  side  and  near  tho  summit  of  Lion  Hill. 
Tho  mines  were  discovered  in  tho  autumn  of  1870  and  sold 
to  Walker  Bros,  in  1871,  who  worked  them  until  187G, 
since  which  time  they  have  beer,  leased.  The  ore  out¬ 
cropped  in  two  places,  the  croppings  assaying  §200  per 
ton.  Threo  large  bodies  and  several  smaller  ones  were 
found  about  20  feot  below'  the  surface.  *  *  *  Tho 
total  product  of  this  group  was  estimated  at  $750,000. 

The  principal  work  [on  the  Monarch  group]  was  uono  in 
1875  and  J87G.  Since  then  tho  property  has  been  leased, 

*  *  *  It  is  said  that  the  oro  averages  130  ounces  silver 
per  ton  with  from  nothing  to  $8  iu  gold,  and  from  nothing 
to  12  por  cent  of  lead.  Much  of  it,  however,  would  assay 
upward  of  $500.  *  *  *  The  total  product  to  the  close 
of  tho  conaus  year  was  §117,500. 

The  Douglas  mine  was  located  in  1871,  and  was  worked 
principally  in  1875,  1870,  and  1877.  It  has  been  idlo  or 
leased  since.  It  is  situated  near  the  western  summit  of 
Lion  Hill,  about  a  milo  southeast  of  Ophir  City.  It  is  near 
tho  Monarch  group,  which  it  greatly  resembles  iu  ganguo 
and  oro.  *  *  *  Tho  total  product  is  said  to  be  at  least 
1,000  tona  of  100-ounco  ore. 

The  Trace  group  was  located  in  August,  1878,  and  worked 
iu  a  small  way  since  hy  the  owners.  *  *  *  Tho  total 
product  to  the  end  of  tho  census  year  was  $11,565. 

Tho  other  mines  of  East  Canyon  and  vicinity  are: 


OQtnRIUl  RANGE. 


Hines  of  East  Canyon  an 

Total 

length 

Total 

Mines. 

of  open¬ 
ings. 

prod¬ 

uct. 

Feet. 

Exchange  and 

1,000 

§80,000 

Sunnyside. 

l.ion . 

1, 000 

120, 000 

Cklorido  Point 
and  others  on 
Silveropolis 

Hill. 

Miner's  Delight 

«  300 

group. 

- 

Bonanza . 

Cleveland  Min- 

1, 400 

100, 000 

iiuCo, 

SaQ  Joaquin . 

750 

35,000 

Poonnnn  . 

&500 

Small. 

Bockhom . 

“300 

Mountain  Gem 
tad  Antelope. 

1,000 

California . 

1 

Remarks. 


Several  hundred  feet 
of  cuttings;  pro¬ 
duced  uiauy  thou¬ 
sand#  in  early 
days. 

Ore  assays  19  ounces 
silver  and  II  to  1-1 
per  cent  lead;  sells 
tor  $7  per  ton; 
total  product, 
many  thousand 
tons;  1,200  tons 
extracted  in  cen¬ 
sus  year. 

Idas  produced  con¬ 
siderable  oro. 

Ore  a.-Kiys  §150  to 
§1,000  per  ton. 

Oro  assays  §100  to 
$400  per  ton. 

Little  ore  ever 
shipped. 

Ore  assays  20  ounces 
silvor,  35  per  cent 
lead;  much  ore 
formerly  pro¬ 
duced. 

Surface  ore  assays  20 
ounces  silver,  30 
per  cent  lead;  sev¬ 
eral  thousand  tons 
shipped  in  1877 
ana  1878. 

Ore  assays  25  ounces 
silver,  55  per  cent 
lead. 


“Tncllao;  ill  so  other  cuttings, 
t  Drills;  also  shaft  of  several  hundred  feet. 

The  Hidden  Treasure  mine  [Dry  Canyon]  is  situated  on 
*  steep  hillsido  above  and  three-quarters  of  a  mile  nortli- 
****  °f  Jscoh  City.  It  was  located  in  1865  as  the  St.  Louis 
lc<Ie  by  Gen.  Connor's  soldiers,  who  had  been  told  by 
Indians  of  the  outcropping  boulders  of  galena.  Little 
1  ,di  ®as  done  until  April,  1870,  when  it  was  relocated  as 
Hidden  Treasure.  The  mine  has  beon  extensively 
but  ragularly  worked  since  1372.  *  *  *  The  ore 
J;  ’  ^om  15  to  40  ounces  silver  and  20  to  50  per  cent 
.  '  *  *  During  tho  four  years  ending  April  I, 

'  ’  tons  wore  mined.  Most  of  this  was  smelted 
,°  waterman  smelter  at  Stockton.  The  cash  received 
0r°'  whcther  ns  oro  or  as  bullion,  wa» 
■ 1  0.  Several  thousand  tons  of  ore  were  produced 
to  1874. 

Ha^ag°  mine  was  located  in  1871,  and  sold  to  on 
Vj  ®  LK  comPan.v  soon  afterward.  The  mine  was  worked 
ti76~OU*  ^ ^or  f overn I  years  but  has  hecn  idle  sinco 
j2^  *  Tho  mine  produced  considerably  over 

oitill  113  oro'  This  couijiany  owns  the  Chicago 
ijj,  jjA  'vk°a  the  mine  failed  bought  the  Queeu  of 
’  and  Mahogany  locations.  They  were 


luaited  in  1870-71,  and  were  worked  extensively  between 
IS'3  :lnd  1877  hut  very  little  since.  Shortly  after  the 
purchase  the  Chicago  company  came  lo  tho  fautt  and 
tailed.  *  *  *  The  product  of  thoao  mines  •  *  * 
was  probably  over  §1,000,000, 

Tho  Mono  mine  is  situated  half  a  milo  routh  of  Jacob 
City.  It  was  discovered  in  the  autumn  of  IS71,  and  was 
owned  in  tho  early  days  by  Cisbom,  Embody,  Jlcaton  & 
Miller.  It  was  worked  vigorously  by  them  uutil  1S75, 
•'lien  Gisborn  bought  the  remaining  two-thirds  interest 
for  §100,0(10,  mortgaging  the  whole  to  eastern  capitalists  for 
tho  money .  About  three  mouths  after  tho  Kile  a  fault  was 
found,  nrthe  ore  chute  “pinched,"  and  only  a  small  pros¬ 
pecting  force  was  employed  until  June,  1S79,  since  which 
'ime  it  lias  heen  idle.  *  *  *  The  total  product  was 
not  known,  oven  by  tho  original  owner*,  as  they  divided 
tho  proceeds  after  the  sale  of  each  lot  By  one  it  was 
p-ased  scmcivhat  over  and  hy  another  somewhat  under 
Sl.OOP, 000. 

The  Mono  tunnel  site  is  in  tho  ravine  S00  feet  below  the 
Mono  mine  Work  was  begun  in  1872  or  1873,  Tho  tun¬ 
nel  is  about  1,100  feet  in  length.  *  *  * 

The  Kearxarge  mino,  located  half  a  mile  west  of  Jacob 
City,  was  discovered  in  1871.  *  »  *  The  total  product 
was  unknown,  perhaps  §1,000,000.  *  *  *  A  few  hun¬ 
dred  tons  of  40-ounce  ore  were  produced. 

Tho  Deseret  group  *  *  *  were  located  in  1870-71. 
Work  on  them  was  begun  in  1874  and  discontinuedJanu- 
ary  1,  1879.  *  *  *  The  total  production  of  the  group 
was  estimated  at  $30,000. 

The  other  mines  of  Dry  Canyon  are: 

Mines  of  Dry  Canyon. 


Mines. 


Wandering  Jew. . . 


Total  1 

length  Total 
of  open-  product 
iugs. 


Remarks, 


Utah  Queen. 
Sacmmento.. 


Mountain  Savage 
and  1.  X.  L. 


Emporia . 

Fourth  of  July.... 


«  2, 100 


§30, 000 

“1,000 


Evening  Star. 
Magnolia . 


Rattler. 


Brooklyn. 

Elgin . 

Noyes. .. . 


A  few  hundred  tons 
of  30-ounco  silver 
and  35  per  cent 
leadoreextrocted. 

Large  amount  of  ore 
extracted. 

Considerable  oro 
taken  out  for¬ 
merly, 

Oro  assays  40  ounces 
silver  and  25  per 
cent  lead. 

Ore  assays  30  ounce# 
silver ’and  35  pur 
cent  lead. 

Some  good  grade  ore 
shipped. 

Several  hundred 
feet  of  incline  and 
drifts;  much 
money  spent,  lit¬ 
tle  received. 

Few  bum.1  red  feet  of 
work  done. 

Do. 


Incline;  al*o  ot her  cuttings. 


368 


ORB  DEPOSITS  OF  UTAH. 


METAL  CONTENT  OF  THE  ORFS. 

rmr  on  siliceous  ores. 

Tho  dry  or  siliceous  orc3  shipped  to  smelters 
from  the  Ophir  and  Rush  \  alloy  districts  com¬ 
prise  gold  and  silver  ores  carrying  copper  and 
loud  in  amounts  too  small  to  he  of  value.  The 
mines,  named  in  order,  according  to  tho  fre¬ 
quency  of  their  shipments  in  tho  lust  decade, 
were  tho  Chloride  Point,  Lion  Ifill,  Buffalo, 
Queen  of  the  Ililla,  Hidden  Treasure,  and  Sun¬ 
rise  Tunnel.  Tho  averugo  grade  of  the  ore 
shipped  is  shown  in  the  following  table: 


Dr/  cr  silL'anis  ore,  with  outrage  metallic  content,  produced 
in  Opltir  and  Rush  Valley  districts  and  shipped  to  smelters, 
1903-1917. 


Year. 

Quan¬ 

tity 

(short 

tons). 

Cola 

(value 

por 

ton). 

Silver 

(ounct* 

per 

ton). 

Copper 

(per 

cent). 

Lead 

(per 

cent). 

Aver¬ 

age 

valuo 

per 

ton. 

1903 . 

l‘RM 

200 

HI 

17 

40 

ISO 

200 

193 

72 

49 

380 

250 

SI.  55 
2.20 
S.  G5 
1  45 
2.  55 

1.  58 
1.84 
2.02 

2.  10 
2. 25 
L  35 

145. 00 
79.00 
41.53 
CG.OO 
87.40 
101.  f>7 
74.  IS 
48.79 
09.  19 
63.  82 
43.  79 

$79.  s:> 
48.  02 
31.12 
45.  85 
61,25 
67.  37 
41.  59 
29.  22 

35.  94 

36.  08 
29.  01 

1905 . 

\m 

0.69 

1007 . 

1908 . 

1900 . 

1910  . 

1911  . 

1912  . 

1013 . 

1911<J _ 

.03 

0.  9S 
.38 
1.20 
.9-1 

1.1G 

1  26 

1915 . 

191G . 

1917 . 

15 

28-1 

114 

1.47 

.80 

3.58 

Cl.  80 
29. 10 
47.28 

.02 

.03 

.36 

LOS 
1.20 
2. 10 

34.  60 
23.06 
48.09 

a  Non*. 

COrPKR  ORE. 

The  copper  ores  include  those  carrying  over 
2\  per  cent  copper.  The  Hidden  Treasure  and 
Eureka-Ophir  properties  shipped  most  fre¬ 
quently  during  the  last  decade.  The  average 
grade  of  tho  ores  was  us  follows: 

Cooper  ore,  urlih  average  metallic  content ,  produced  in  the 
Ophir  and  Rush  Valley  distriett  and  sliip/td  to  smelters 
1905-191 7. 


Year. 

Quan¬ 

tity 

(short 

tuna). 

Gold 

(value 

per 

Urn). 

Silver 

(ounces 

per 

ton). 

Copper 

(per 

cent). 

Lead 

(per 

cent). 

Aver¬ 

age 

grows 

value 

per 

ton. 

1903 . 

100 
52 
105 
70 
19 
104 
127 
138 
4, 835 
227 

21.  CO 

33  58 

4  00 
16.  84 
22.  lfl 
26.  85 
16.  85 
17,20 
18.  10 
4.87 
7.70 

5103.  31 
16.00 
41.  18 
68.  51 
89.  84 
53.  38 
49.  86 
63.68 
30.  C9 
47. 99 

1907 . 

. 

1910  . 

1911  . 

1912  . 

3.  ii 
4.50 
1.  95 
1  78 
7.48 
.62 
10.  10 
6,95 

1913 . 

1914  . 

1915  . 

1916 . 

1917 . 

LEAD  OBE  AND  CONCENTRATES. 

In  general,  the  crude  lead  ore  is  that  con¬ 
taining  over  4 1  per  cent  of  lead.  The  producers 
during  tho  last  decade,  named  according  to 
tho  frequency  of  their  shipments,  were  tho 
Ophir  Hill,  Ilonerinc,  New  Stockton,  Oalena 
King,  Cliff,  Jay  Bird,  Bullion  Coalition,  Buck- 
horn,  Black  Diamond,  Silver  Engle,  Queeu  Qf 
the  Hills,  Southport,  Muerbrook,  Hidden 
Treasure,  Cyclone,  Ifoncrino  West,  Iloncrine 
Extension,  Monadnoek,  Utah  Queen,  Commo¬ 
dore,  Eureka  Ophir,  Grand  Cross,  Northern 
Light,  Miner’s  Delight,  Argcnta,  Lion  Hill, 
Quandary,  Emilie,  Lost  Boy,  Buffalo,  Brook¬ 
lyn,  Mono,  and  Ben  Harrison.  The  average 
grade  of  the  products  shipped  is  shown  in  the 
following  table: 

Lead  ore  and  concentrates,  vithae crane  metallic  content x  pre¬ 
dated  in  the  Ophir  and  Rush  Valley  districts  and  shipped 
to  smelters,  1903-1917 . 

Crude  ore. 


Year. 

Quan¬ 

tity 

(short 

tons). 

Gold 

(value 

per 

ton). 

Silver 

(ounces 

per 

ton). 

Copper 

(por 

cent). 

Lead 

(per 

cent). 

Aver¬ 

age 

gross 

value 

per 

ton. 

1903 . 

318 

$0.  29 

15.  29 

0.  65 

30.55 

$36.00 

190-1 . 

4,856 
2, 50G 

.  00 

11.  60 

34.26 

36.70 

1905 . 

.74 

12.90 

.43 

27.87 

36. 15 

1906 . 

8, 085 

.  59 

9  77 

.45 

18.07 

29.58 

1907 . 

14, 742 

.37 

10.  70 

.04 

1C.  18 

24. 73 

1908 . 

10,  69S 

.22 

10.  73 

.47 

21.77 

25.  43 

1909 . 

14,020 

.24 

8.55 

,50 

17.  33 

20.91 

1910 . 

18,  330 

.25 

8.11 

.46 

16.53 

20.35 

1911 . 

24.426 

.59 

10.  29 

.38 

IS.  67 

23.82 

1912 . 

31,099 

.47 

10.  09 

.54 

19. 13 

25. 67 

1913 . 

22.975 

.44 

9.59 

.45 

15. 90 

21. 63 

1914 . 

19,  530 

.  42 

13.  69 

.81 

17.  03 

23.  43 

1915 . 

27,  425 
38,081 

.26 

12.  32 

1.67 

13.76 

23.29 

1916 . 

.22 

10.  66 

1.  10 

12. 35 

31.15 

1917 . 

35, 081 

.47 

10.  76 

1.01 

11.16 

39.03 

Concentrate*. 


1904 . 

11, 274 

$0.  31 

10.86 

0.02 

38.43 

$39.  71 

1905 . 

4,  120 

1.33 

9.  63 

30.  48 

35.  85 

190G . 

22,  366 

.36 

11.84 

3. 09 

20.  92 

44.20 

1907 . 

26,  875 

.32 

10.  74 

1.30 

14.  36 

27.  M 

1908 . 

18,  248 

.  11 

12.  26 

2.60 

8.  20 

20.31 

1909 . 

0,  976 

.24 

12.21 

2.42 

10.37 

21.81 

1910 . 

109 

.57 

12.  56 

.03 

22. 45 

29.46 

1912 . 

9,909 

.17 

12.  23 

2.  39 

10.  24 

24.82 

23. 10 
21.72 
24.65 
35.93 

68.11 

1913 . 

27,  376 

.19 

11.  73 

2.02 

10.  S7 

1914 . 

23, 47L 

.27 

11.60 

1.94 

12.  C5 

1915 . 

2S.077 

.  18 

11.31 

1.  68 

13.  C6 

1916 . 

27, 642 

.19 

11.42 

1.89 

1172 

1917 . ! 

13, 8S9 

.  15 

11.57 

2.03 

13.50 

COPPER-LEAD  ORE  AND  CONCENTRATES. 

Copper-lead  ore  and  concentrates  are  class! 
fied  like  the  copper  und  lead  ores.  The  pr0" 


OQriRRn  iuxge. 


duccre  f'»r  the  past  decade,  named  according 
to  tlie  frequency  of  their  shipments,  are  the 
Eoreka-Ophir,  Hidden  Treasure,  Mono,  Ophir 
Hill,  Utah  Queen,  Kearsarge,  Queen  of  the 
Hills,  Montana,  Surprise  Tunnel,  and  Sclah. 
The  average  grade  of  the  product  shipped  is 
shown  in  the  following  table: 

Copper-lead  ore  and  concentrates,  vilh  average  metallic  con¬ 
tent,  produced  in  the  Hush  Valley  and  Ophir  districl*  and 
thipped  to  smelters,  190.1-101 7. 


3fi9 


Crude  orr. 


<  '?/r,T"h^1, concentrate,  mitk  are.  raw  metallic  con- 

,ou:k Vall*» nnA di^cts^d 
snipped  to  smelter*,  1903-1911— Continued. 

Conr«n(rat*K. 


Year. 

Quan¬ 

tity 

(short 

tons). 

Gold 

(value 

S"T 

ton). 

Silver 

(ounces 

per 

Ion). 

1  Copper 
(per 
cent). 

Lead 

(per 

cent). 

Aver¬ 

age 

gross 

value 

per 

ton.  j 

1903 . 

03 

$3.  64 

29.  15 

3.  23 

20.  44 

$45.  39 

1901 . 

150 

19.00 

12.00 

28.  05 

65.30 

1903 . 

02 

.34 

6.  92 

7.77 

5.81 

34.27 

isoe . 

003 

.82 

11.07 

9.47 

S.  12 

55.  30 

1507 . 

192 

1.02 

IS.  10 

6.39 

10.04 

49.  15 

1903 . 

ol 

.78 

18.  78 

7.91 

13.  43 

42.  98 

1909 . 

819 

.  05 

13.31 

6,94 

14.71 

37.  67 

1910 . 

1.218 

.10 

16. 11 

3.  95 

10.  72 

28.57 

1911 . 

C9-1 

.30 

14.  85 

5.04 

20.  10 

38.  66 

19:2 . 

3,387 

1.  04 

40.  95 

4.  32 

12.  53 

51.  82 

1913 _ _ 

1  119 

.  18 

12.  90 

4.57 

18.  03 

38.  53 

1914 . 

51 

.1)8 

18.03 

4.  55 

17.72 

36.  92 

1913 . 

5,010 

.24 

12.  CO 

3.  22 

8.57 

25  99 

WM . 

2,072 

.27 

19.  28 

3.  61 

10. 57 

53.  68 

1917 . 

5.53G 

.22 

12.90 

2.8-4 

11.  09 

45. 48 

Year. 

| 

Quan¬ 

tity 

(short 

tuns). 

Gold 

(value 

per 

ton). 

Silver 

(ounces 

per 

ten). 

Copper 

(per 

cent). 

Lead 

(per 

cent). 

Aver¬ 

age 

gross 

value 

per 

tou. 

1903. .  . . 
1904 . 

1906  . 

1907  . 

14.210 
16,707 
19. 002 

8 

$0.24 
.20 
.  18 
1.00 

15.  85 
13.  47 
13  03 
30.00 

3.  20 
2.94 
3. 46 

4  70 

9.  12 
7.07 
9.  19  | 
21.00  | 

$25.  18 
21.63 
27  58 
Cl.  S7 

33410°— It) - -24 


/INC  OnK  AND  CONOR  NTBATBS. 

Tho  ziifc  ores  aro  those  containing  25  per  cent 
or  more  of  zinc,  irrespective  of  precious  metals. 
Carbonates  prevailed  and  somo  sulphides  were 
included  in  the  shipments.  Tho  shippers  were 
tho  Hidden  Treasure,  Cliff,  and  Bullion  Coali¬ 
tion. 

The  uverago  grade  of  the  ores  is  omitted,  us 
there  was  only  one  shipper  of  concentrate  in 
1913  and  only  two  in  1912  and  1913. 

PRODUCTION. 

The  metal  production  of  Ophir  and  Iinsh 
Valley  districts  from  tho  beginning  of  opera¬ 
tions  to  1917  is  shown  in  the  following  tables: 


MeUiLt  produced  in  Ophir  and  Ruth  Valla/  mining  districts,  1901-191 


Year. 

Ore. 

Gold. 

: 

1  1 

Silver.  Copper.  Lead. 

Recoverable  sine. 

Total 

value. 

Short 

tons. 

1  Fioe 
ounces. 

Value.  ‘  Fine 
i  ounces. 

Value. 

i 

Pounds. 

Value. 

Pounds. 

Value.  Pounds. 

Value. 

1901  « . 

1902  . .*. . 

1903  . 1 

1901  . 

1905  . 

1906  . 

1907  . 

1503 . 

1910  . 

1911  . 

1912  . 

1913  . 

191-1 . 

1913 . 

1916  . 

1917  . 

30,000 
34,  611 
36, 238 
81,716 
79,  003 
78, 257 
98, 509 
55,604 
53, 981 
20, 247 
25, 773 
99,  976 
89,  658 
95,  -146 
111,352 
119,  163 
91,657 

227.  51 

228.  33 
186.  97 
479.  01 
530.00 
647.  S8 
719.  63 
236.  34 
301.  21 
257.  89 
719.  95 

1,418.  28 
822.  05 
701.32 
735.73 
799. 30 
9S6. 45 

$4,703 

4,720 
3,865 
9,902 
10,956 
13, 393 
14,  676 
4,886 
6,226 
5,332 
14,882 
29,318 
16, 992 
14,498 
15, 208 
16,  523 
20,  392 

318,910 
259,  S05 
261,838 
417, 397 
321,  556 
353,036 
465,  863 
359, 992 
266, 436 
174,145 
26G,  ill 
531, 475 
577,  348 
541,652 
728,  309 
833, 116 
618,  542 

$191,346 
137,  697 
141,  393 
238, 960 
194, 220 
236,  534 
307, 469 
190,796 
138,547 
94,039 
141,  054 
326, 857 
348, 719 
299, 533 
369, 253 
518, 190  i 
509,679  1 

1, 199, 476 
913. 622 
906, 291 
1, 023,  825 
1,093, 197 
1,  570,  089 
739,  521 

1, 059, 138 
738,  299 
307;  607 
289, 329 

1,  065, 3 84 
1,492,073 
1,277,015 

2,  250,  276 
2,  821, 108 
2,277,022 

$200, 312 
111,462 
132, 382 
127, 978 
170,  539 
303, 143 
147.  904 
139;  806 
95,  979 
39,  066 
36, 166 
175,  788 
231,  271 
•  169,843 
393,  799 
693,  993 
621,627 

4,  557,  818 

3,  60.9, 186 
2,584,  151 
14,440,385 

6,  805,  814 

2, 391, 100 
12,535,190 
7, 676, 385 
7,154,721 

7, 908, 992 
9,406,042 

17,  250, 3 ft 
14,  034, 788 
12,611,432 
16,383,700 

18,  275,389 
12,890,789 

$195,986 
147, 977 
108,  534 
031,  767 
319,  873 
700,  293 
004, 3455 
322, 408 
307.653 
347,  995 
423,273 
776, 268 
CIS,  110 
491,846 
770, 03 1 
1,261,002 
1,109, 124 

1 

. i 

I 

i 

333,  876 
373, 870 
778, 162 
732,  367 
1, 198, 172 
776, S60 
630, 018 

$19,031 
25, 797 
43,  577 
37,351 
148, 573 
10-1, 10(1 
61,  26  2 

$592,  347 
40) , 856 

r>sn,  174 

1,  (MS,  607 
695, 6S8 

1,  209, 363 
1. 134, 614 
657,  890 
MS,  405 
•186,  432 
634,405 
1,331,028 
1,  258, 969 
l.  013,  071 
1,696,867 
2, 623,  SOS 
2. 325, 084 

|t  1,201, 841 

9,997-85 

206, 672 

7, 295,  561 

4,414,286  ; 

21,083,872 

3,791,058 

170, 642, 269 

9, 202, 807 

4,  823,  331 

4*12, (ilil 

18,  057,  514 

o  Partly  estimated.  *  Some  lead  cm  cl  copper-lead  concentrate  produced. 


Metals  produced  in  Ophir  and  Rush  Valley  mining  districts,  1810-1911,  by  periods. 


Period . 

Gold. 

Silver. 

Copper. 

Lead. 

Recoverable  zinc. 

1 

Total 

value. 

Pine  ounces. 

Value^ 

i  . 

Pine  ounces. 

Value. 

Pounds. 

Value. 

i 

Pounds. 

Value. 

Pounds. 

Value. 

1870-1880 

12,  136.  25 
2, 548.  99 
3,411.  06 
3, 814-  77 
6, 163.08 

$257,  080 
52,713 
70,  513 
78, 859 
127, 813 

3,  S85,  938 
1, 502,  643 
1,575,038 
3, 198, 978 
4, 090, 583 

$4,  7S9,  719 
1,  499,  742 
1, 114, 901 
1,871,001 
2,543,285 

77,  582, 430 
10,  377, 100 
17, 358,  239 
69, 663,  712 
100, 878,  527 

$4,335,597 
447,  9:10 
657,  364 
3, 752,  851 

5,  449, 906 

SO  3R2  396 

1881-1890 . 

2. 000, 385 
2’,  096,  143 
7,17!  282 
|  10. 886,  2:12 

1891-1900 . 

1,  942.  682 
9,611.665 
11, 472,  207 

$253,315 
1,468, 571 
2, 322,487 

1901-1910 . 

1911-1917 . 

4, 823, 331 

442, 691 

28, 394. 15 

11,818,698 

23, 026, 554 

4,044,373 

275,  H60, 038 

14,613, 698 

4,823,331 

412,691  | 

31,536,438 

OHE  DEPOSITS  OF  UTAH 


